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PREFACE. 


The  evolution  of  the  dynamo  electric  generator  has  practically 
given  the  world  a  new  power;  for  although  electric  force  or 
enei^  has  long  been  known,  and  attempts  have  been  made 
since  the  days  of  Volta,  at  the  beginning  of  the  present  century, 
to  employ  it  for  obtaining  and  transmitting  mechanical  power, 
the  only  available  source  of  this  energy  was,  until  lately,  the 
galvanic  battery,  wherein  electric  currents  are  generated  by  dis- 
solving zinc  in  suphuric  acid,  which  is  a  very  expensive  source 
of  power.  To  say  nothing  of  the  cost  of  the  acid,  the  zinc — 
the  very  fuel  of  the  battery — costs  forty  times  more  than  coal, 
and  is  a  far  worse  fuel;  for,  while  an  ounce  of  zinc  will  evolve 
heat  to  an  amount  equiyj'Jfcui  to  113,000  foot  pounds  of  work, 
an  ounce  of  coal  will  fenrnish'  {he  equivalent  of  695,000  foot 
pounds.  Thus  zinc  gives  in  buining  only  one  sixth  of  the  effect 
in  energy  that  coal  does;  and-tafcinvj  the  difference  in  the  cost 
of  zinc  and  coal,  the  cost  of  energy  in  the  case  of  a  galvanic  bat- 
tery is  240  times  greater  than  in  a  steam  boiler.  The  discov- 
eries of  Faraday,  Hjorth,  Pacinotti  and  Gramme,  which  culmi- 
nated in  the  evolution  of  the  modern  dynamo  electric  generator, 
have,  however,  supplied  us  with  an  economical  source  of  electric 
energy,  admirably  adapted  to  many  industrial  purposes.  To 
describe  the  various  methods  of  generating  applying,  measuring 
and  storing  this  power,  is  the  object  which  we  have  had  in  view 
in  writing  this  work. 
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DYNAMO-ELECTRICITY. 


CHAPTER    I. 


pRODUcnoy  of  thk  kuecttric  light. 


Whe:*  the  terminal  ^vi^e8of  a  battery  containing  a  number  of 
celU  are  brought  together,  and  then  se|>anit4i(l  slightly,  there 
ilKalts,  as  i»  well  known,  an  intense,  Hright  light  between  tbeni, 
aad  to  this,  on  account  of  ita  ciii-ved  form,  the  name  ele<Hi*ic 
arc  lias  been  given.  If  the  circuit  is  imt  iiumediat«?ly  bmken, 
:  ends  of  the  wires  rapidly  become  heatrd,  and,  in  a  very  short 
oe,  melt  and  drop  off  in  glowing  globulca  Portions  are  even 
^volatilized  and  pass  off  as  vapor,  whoae  color  varies  witli  the 
nd  of  metala  employed,  and  with  the  nietliimi  in  which  the 
y»erirapnt  is  made.  The  distance  between  the  ends  conse- 
Pqiienily  iucrea-sca  rapidly,  and  a  point  is  soon  reached  iil  which 
Ihe  light  is  interrupted,  the  electro-motive  force  of  the  battery 
being  then  no  longer  enfficieat  to  nuiintain  a  current  ugainsl  the 
Opposing  resistance.  If,  however,  the  wires  are  again  bronght 
Jgelher,  and  then  separated  as  before,  the  arc  is  ouce  more 
ftablisheil,  but,  as  we  have  just  seen,  it  will  last  only  for  the 
frery  short  time  daring  which  the  electro-motive  force  is  suffi- 
cient to  overcome  the  rt^«iistance  Ix^tween  the  points. 

\\lien  two  pointed  pieces  of  hard,  conducting  carbon  are  used 

,fbr  l!ie  terminals,  osaliown  in  figs.  1  &  2,  the  light  becomes  of 

zling  brightness,  too  intcn.-w,  by  far,  if  the  number  of  cells  is 

onsiderable,  to  be  carelessly  Tcgarfle<:l  by  the  unprotected  eye 

one.     By  viewing  it  through  colored  glass,  however,  or  l>y 

|)mjecting  an  image  of  it  upon  a  screen,  it   may  be  studied 

mtbout  danger. 

As  the  number  of  cells  is  augmented^  the  light  becomes  not 

]y  more  inteuse,  but.  tbo  arc  may  be  materially  lengthened, 

bhile  its  ieni{>erature,  at  the  same  time,  is  still  further  increased. 

In  the  brilliant  experiments  of  Davy,  which  were  performed 

-f  the  beginning  of  the  prcseut  century,  with  some  2,000  cells  of 
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^Attery,  and  whicli  were  the  first  that  were  made  on  on  extended 
«cale,  an  arc  of  four  inches  in  length  was  obtained  in  the  open 
air,  and  in  vacuo  it  inrreawid  to  seven  iuchos.  Since  then,  nioro 
powerful  element  and  greater  nunabem  have  been  employed, 
and  the  resulting  effectfl  have  been  on  a  corresponding  scale. 

In  temj>erat»iire  ar"  well  as  brightness,  the  voltaic  arc  excceda 
all  uther  artitioial  Bourcea  of  heat ;  by  its  means  the  most  refrac- 
tory  substaoces  are  fused  and  volatilized,  including  even  the 
diamond  itself,  which  Besprctz  succeeded  in  reducing  to  vapor. 


/Vff.  a. 

As  the  light  continues,  the  positive  carbon  is  found  to  waste 
away  much  more  rajiidly  tlian  the  negative — a  fact  first  obser^-cd 
by  SiUimau — and  altliougb  the  latter  is  firet  U)  become  heated, 
ilfl  lerapernttire  in  the  end  is  less  than  that  of  the  forracr,  as  may 
be  seen  when  the  light  ia  interrupted,  the  positive  carbon  then 
continuing  to  glow  for  some  time  after  the  negative  has  become 
dark.  In  addition  to  this,  it  is  also  found  that  particles  of  the 
carbon  arc  forcibly  detached  from  the  pencils  and  carried  acrosB 
the  am     Tliia  transport  of  ])artidc3  can  be  rendered  ^-isible  to  a 
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large  number  of  pcreons  at  one  time  by  throwing  an  imago  of 
the  heated  puints  upon  a  screen^  with  the  aid  of  a  Icna  On 
watching  the  imj^  for  a  few  minutes,  incandescent  pai-tic1e» 
will  be  observed  traversing  the  length  of  the  arc,  aometirni.'s  in 
one  direction  and  sometimes  in  the  other,  the  prevailing  direc- 
tion being,  however,  that  of  tho  positive  current.  This  cipcum- 
stanee,  which  api>ears  to  be  connected  with  the  higher  tempera- 
ture of  the  jwsitive  lerminal»  explains  the  difference  Ijotween 
the  forms  assumed  by  the  two  carbons.     The  point  of  tho  posi- 
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tive  carbon  becomes  concave,  while  the  negative  remains  pointed^ 
and,  as  stated  above,  wears  away  Ies«  rapidly.  In  vacuo  the 
difference  is  still  more  markc<l.  A  kind  of  cone  then  gnnvs  upon 
the  n^ativo  carboUi  while  a  conical  cavity  is  formed  in  tho 
positive. 

Fig.  8  shows  a  convenient  apparatus  for  experimenting 
with  the  light  in  vacuo  and  in  \'arioa3  gases.  It  consists  of  a- 
bell  shaped  receiver  of  glass,  pm\'id(!d  with  three  tubular  open- 
ings, two,  d  and  o,  opposite  each  other,  and  the  third,  h,  on  top. 
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To  the  latter  is  fitted  a  stop  cock  and  tube,  "which  serve  for 
connectiDg  the  apparatus  with  the  air  pump,  and  also  for  intro- 
ducing various  gases  when  necessary.  The  other  two  serve  to 
bring  the  two  electrodes  opposite  each  other,  inside  of  the 
receiver,  and  are  provided  with  tightly  fitting  caps  through 
which  the  electrodes  pass.  The  one  over  the  opening  e  allows 
the  electrode  n  to  be  pushed  in  or  out  at  pleasure,  and  carries, 
besides,  a  scale  o,  by  means  of  which  the  length  of  the  arc  may 
readily  be  ascertained.  A  ground  glass  plate,  clamped  to  the 
bottom  of  the  receiver,  completes  the  details  for  rendering  the 
apparatus  air  tight 

With  the  arrangement  shown  in  figs.  2  and  8,  the  light, 
as  we  have  already  seen,  is  soon  extinguished,  owing  to  the 
increoiied  distance  between  the  points  by  the  burning  or  wasting 
away  of  the  carbons ;  conseqiiently,  when  we  require  to  use  it 
continuously  for  any  considerable  length  of  time,  it  becomes 
necessary  to  employ  some  mechanical  means  for  keeping  the 
pencils  at  the  right  distance  apart,  or  for  bringing  them  together 
again  automatically,  if  from  any  chance  cause  they  should 
become  separated  sufficiently  to  cause  the  light  to  go  out  A 
great  many  forms  of  apparatus  have  been  devised  for  this  pur- 
pose, some  exceedingly  simple,  and  others  more  or  less  compli- 
cated. 

Fig.  4  shows  a  form  of  lamp  devised  by  Duboscq,  and  oper- 
ated by  the  combined  action  of  the  current  and  a  system  of 
wheel  work,  driven  by  a  spring  in  connection  with  one  of  the 
wheels. 

On  a  circular  brass  plate  A,  is  mounted  a  metallic  tube  B,  to 
which  is  attached  the  binding  post  C.  A  metallic  rod  D,  sliding 
in  this  tul)e,  carries  at  its  top  the  arm  E,  to  which  is  also  attached 
a  rod  and  socket  for  holding  the  upper  carbon.  This  rod  is 
arranged  to  slide  in  the  arm  E,  so  that  it  may  be  moved  up  or 
down  for  a  limited  distance,  and  is  held  tightly  in  any  position 
that  may  be  given  to  it  The  lower  end  of  the  rod  D  is  pro- 
vided with  a  rack  F,  which  engages  with  the  wheel  G,  and  the 
latter  again  is  pressed  on  to  the  axis  of  another  wheel  H,  and 
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in  fi^  5,  and  the  latter  again,  with  an  endless  screw  M  on 
tbc  prolongatiun  of  the  axis,  carrying  the  cog  wliecl  N  and 
fly  X.  An  electm-inagiiet  P,  consisting  ol  a  hollow  iron  tube, 
with  its  helix  of  iasiiluted  co]>per  wire,  is  placed  in  the  base  of 
the  lamp ;  and  one  end  of  the  ^vi^o  of  the  helix  is  connected  to 
the  binding  post  V",  insulated  from  the  cover,  the  other  to  the 
lower  end  of  the  rack  J,  which  moves  up  and  down  in  the  hollow 
of  tho  core     A  circular  piece  of  iron  Q,  attached  to  the  bent 


lever  K  S  T,  servec  as  an  armature  to  the  magnet,  and  when 
attracted  by  the  latter,  causes  tho  pallet  of  tho  supplementory 
lever  U,  which  is  controlled  by  the  long  levor  R  S  T,  to  catch  in 
the  wheel  N,  and  thus  arrest  its  motion  and  that  of  the  train  of 
wheels  witii  wliich  it  is  in  connection.  There  is  also  a  pin  or 
rwl  in  connection  with  the  apparatus,  that  fan  be  jnished  in  from 
the  outside,  and  made  to  start  or  stop  the  train  work  when 
desired.  , 

When  the  lamp  is  to  bo  used,  tho  rod  D  is  raised.    This  causes 
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the  wheels  G-  and  It  to  revolve,  und  thna  at  the  same  time 
lowei-s  the  rod  O,  so  tbat  the  carbons  can  l>e  iusfrl<xL  IX 
allowed  to  act  now,  tlie  spring  within  the  barrel  connected  with 
n  will  caiise  the  carbons  to  approach  and  tcmch  eaeh  other. 
The  batteiy  can  then  be  connected;  the  positive  pole  to  the 
post  V,  the  negative  to  C.  "With  the  passage  of  the  current 
through  the  coil  surrounding  the  core,  the  aniuiture  will  be 
attracted  and  the  train  thus  locked ;  but  the  points  may  Ix;  projierly 
separated  again  by  raising  the  rod  carrying  the  upper  carbon, 
and  the  light  will  then  sliine  out  in  all  its  brillianev.  As  the 
carbons  bum  away  the  current  necessLrily  bectinios  weaker,  on 
account  of  iho  increased  resistance  of  tlie  arc,  and  a  lime  soon 
comes  when  tlie  magnet  is  no  longer  strong  enough  to  retain  the 
annature.  The  retractile  spring  then  prevails,  and  releases  the 
wheel  K,  and  thus  allows  the  sjiring  in  the  ban-el  of  H  to  act 
and  bring  the  points  once  more  near  each  other.  "With  the 
decrease  hi  the  distflnee  between  the  points,  the  current  becomes 
stronger  and  the  annature  is  again  attracted.  A  moment  more,  it 
is  again  n^lcased  and  again  attracted,  and  so  its  position  con- 
tinues to  vary  fnim  time  to  time  with  the  changes  in  the  strength 
of  the  current,  tt  tiieivfore  becomes  possible,  by  the  use  of  the 
lamp,  to  maintain  the  light  for  a  very  long  time  without  inter- 
ruption. As  will  be  observed,  the  dianu^ter  of  wheel  H  is 
double  tlial  of  wheel  G-,  and  ctinseijuenlly  the  carbon  connected 
with  the  holder  0  moves  through  twice  the  distance  of  that  in 
the  upper  holder.  The  object  of  this  is  to  compensate  for  the 
more  rapid  wasting  away  of  the  jiosilive  carbon,  which,  as  has 
been  found,  ctjusumes  al)out  twice  as  fast  as  the  negative.  Tlie 
use  of  wheels  of  diffei*cnt  diameters  thus  furnishes  the  means  for 
keeping  the  light  at  a  given  jxtint,  wliicli  is  a  matter  of  consider- 
able importance  in  almost  all  of  the  uses  to  which  it  is  applied; 
and  when  a  reflector  is  used,  is  absolutely  necessary,  as  other- 
wise it  would  be  all  but  impossible  to  keep  the  light  properly 
focused. 

Fig.    rt   shows   another  form  of  l^mp,  devised  by  Foucault 
Tu  this  there  are  two  systems  of  wheel  work,  one  for  bringing  the 
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throGgh  tbevhedvoekaattB, 
carbon.  Frr«i  ihe  {•»&¥«  ci 
arc  v>  the  w-r-'-T-  atboa.  a 
to  the  biudii^  screw  cociwcted  with  ihe  iwzatre  p^^-e  of  the 
banery.  When  tbe  jurmanre  F  desceni?  to»ar»i  the  magnet, 
tbe  other  arm  of  the  lever  F  P  is  nised,  aa«l  this  movonent  is 
rensted  br  the  ^Jtral  spring  R.  which,  however,  is  not  attached 
to  tbe  lerer  in  qocssi-jn.  b«t  to  the  ea-i  of  aaocher  lever,  pressii^ 
oo  it2  apper  ade  and  nKn-able  aboat  the  pxnt  X  The  lower 
ade  o(  this  lever  is  carve*!  so  thas  its  point  of  contact  with  tbe 
fiist  lever  chaises,  giving  the  sprins  greater  or  less  leverage, 
according  to  the  sonei^th  <rf  the  cnnoit.  In  virtue  ai  this 
anaf^ement,  which  is  doe  to  Robert  Hoodin.  the  annatai^ 
ifMiti*H  <rf  being  placed  in  one  or  the  other  of  two  posztioos^  as 
in  die  ofdinaiT  fofms  of  aj^nratoiv  has  its  postioa  aectuatelT 
Rgolated.  according  to  the  strength  of  the  ctinenL  The  azkohor 
T  r  i»  rig^flT  connected  with  tbe  Iev«-  F  P,  and  follows  its  csril- 
hti^»M  If  d>e  current  becomes  too  weak,  the  head  t  mov^  to 
Ae  ri^rt»  «tol»  *^  ^7  "'  "***  releases  o,  which  accofdingiT 
leroh-ea  and  the  ewboos  are  moved  forward.  If  the  currcnt 
Ijeoomes  too  etivog,  o  is  stof^ted,  o'  is  released,  and  the  carboos 
are  diawn  back.  When  tbe  andwr  T  /  is  exactly  vertical,  K>th 
flitt  are  «iw«ed,  aod  the  carbons  remain  staiiooarv.    Thecurva- 
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tore  of  the  lever  on  whicli  the  spring  acts  being  very  slight,  the 
oscillations  of  the  armature  and  anchor  are  small^  and  very 
slight  changes  in  the  strength  of  the  current  and  brilliancy  of 
the  light  are  immediately  corrected. 

Mr.  Hart,  of  Edinburgh,  Scotland,  has  invented  a  simple 
lamp,  in  which  the  weight  of  the  rod  in  which  the  carbon  is 
fixed  supplies  the  place  of  the  clock  work  in  the  lamp  just  de- 
scribed, and  an  electro-magnet  lets  it  descend,  or  locks  it,  as  the 
carbons  are  consumed. 

Mr.  Farmer,  of  Newport,  R  L,  has  also  invented  an  automatic 
lamp,  containing  but  little  train  work,  and  whose  action  is  con- 
trolled by  a  regulator  or  relay,  consisting  of  an  axial  magnet, 
the  coils  of  which  are  placed  either  directly  in  the  main  circuit 
or  in  a  branch  of  the  same,  and  a  delicately  poised  lever,  from 
one  end  of  which  the  axis  bar  of  the  coil  is  suspended.  The 
action  of  the  current,  when  too  strong,  tips  the  bar  in  one  direc- 
tion, and  when  too  weak  a  retractile  spring  tips  it  in  the  other. 
It  is  the  employment  of  this  relay  to  operate  the  mechanism  of 
the  lamp,  through  the  intervention  of  local  or  branch  circuits, 
which  constitutes  the  principal  difference  between  this  and  most 
of  the  other  forms  of  lamps  now  in  use.  The  train  of  wheel 
work,  driven  by  a  spring,  tends  to  cause  the  carbons  to  approach 
each  other,  but  the  motion  is  arrested  if  the  armature  of  a  small 
electro-magnet,  forming  part  of  the  apparatus,  is  attracted.  The 
tilting  bar  of  the  regulator  closes  the  local  circuit  of  this  releas- 
ing magnet  whenever  the  current  is  of  the  proper  strength,  but 
as  soon  as  the  current  weakens,  by  the  burning  away  of  the 
points,  the  retractile  spring  of  the  regulator  causes  the  lever  to 
open  the  branch  circuit  of  the  releasing  magnet,  and  the  anna- 
ture  of  the  latter  then  allows  the  train  to  move.  The  carbons, 
consequently,  approach  each  other  until  the  main  current  again 
becomes  of  such  strength  that  the  regulator  closes  the  branch 
circuit  of  the  detaining  magnet,  and  thus,  once  more,  stops  the 
motion  of  the  train. 

Wben  the  points  run  into  actual  contact,  after  the  arc  has 
been  broken,  the  light  is  again  established  by  a  third  electro- 
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magnet;  also  in  the  main  circuit,  which  withdraws  the  lower  car- 
bon from  conUict  with  the  upper,  and  holds  it  in  poaition  until 
the  arc  is  again  broken.  The  movement  of  the  carbon  holders 
is  caused  by  the  action  of  two  screws  so  geared  together  that  one 
pencil,  the  ]>osiiire,  moves  twice  a.s  rapidly  as  the  other. 

There  are,  besides,  conveniences  attached  to  each  of  the  car- 
bon pencil-holders,  so  that  they  can  be  disengaged  from  the 
acrews  and  moved  independently  to  any  required  position  at 
pleasure.  The  holders,  also,  admit  of  separate  adjustments  on 
a  vertical  axis,  so  that  by  this  means  the  carbons  can  be  placed 
in  a  perpendicular  line,  one  above  the  other.  The  spring  does 
not  need  rewinding  oftener  than  new  carbons  are  supplied,  and 
the  performance  of  the  lamp  is  very  satisfactory.  It  has  been 
ran  for  hours  when  required,  and  no  reason  exists  why  it  should 
not  run  continuously  until  the  pencils  are  consumed,  provided 
it  be  properly  adjusted  at  first 

Within  the  last  few  years  a  new  form  of  electric  light  appa- 
ratus has  been  introduced  in  France  and  elsewhere,  which,  from 
the  remarkable  properties  that  have  been  attributed  to  it,  has 
attracted  a  great  deal  of  attention.  The  invention  is  due  to  M. 
JablochkofI,  a  Russian  engineer,  and  is  known  as  JablochkofT's 
candle.  It  consists  of  two  carbons  placed  side  by  side,  and  sep- 
arated by  an  insulating  and  fusible  substance.  No  clock  work 
whatever  is  required,  aud  the  light  is  ver}'  soft  and  steady. 
Fi^  7  shows  the  arrangement  as  originally  designed.  The 
carbons  a,  i,  some  four  inches  in  length  and  one  quarter  of  an 
inch  square,  are  imhc<lded  in  an  insulating  substance,  c;  the  car* 
bon  slips  being  also  separated  from  each  other  some  three  six* 
ieenths  of  an  inch,  and  the  whole  moulded  into  the  shape  of  a 
candia  In  order  to  facilitate  the  early  action  of  the  current,  a 
small  piet«  of  carbon,  about  the  size  of  the  lead  of  an  ordinary 
lead  pencil,  is  placed  across  the  top  of  the  electrodes.  A  series 
of  experiments  with  candles  of  this  description  were  carried  out 
at  Chatham  some  time  since,  and,  it  is  stated,  the  power  then 
obtained  was  some  fifty  per  cent  greater  than  that  obtained 
previously  from  the  recognized  electric  light 
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Since  then,  M.  JablochkofT  lias  twice  raotlifietl  this  arrange- 
meal,  each  inrxlitication  being  att<-*ndetl  with  success  beyond  tbttt 
obtained  hy  the  pivcedhig.  His  first  pruceeding  was  to  divest 
tbe  carbons  of  their  outer  covering,  leaving  nothing  but  tlie 
carlwn  slips  'Z,  li  (fig.  8),  andtlieinlen*oningHul)stance,  kaoline, 
c  Each  carbon  is  fixe*l  in  a  small  braiiis  tube  rf,  e,  the  lower 
jx>rlions  of  which  iire  left  vacant,  so  that  they  may  fit  over  two 
raeuU  pins,  attached  to  which  are  the  wires  from  the  magneto 
machine.  These  tuljes  are  insulated  one  from  the  other,  and 
the  whole  bound  together  by  a  band  of  iiistilalin^  material/? 

The  latest  modification  embraces  the  removal  of  the  carbons 
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and  the  replacement  of  lliem  by  a  carbon  paste,  a  sort  of  prim- 
ing, the  object  of  which  is  to  reduce  llio  resistance  which  the 
kaoline,  when  cold,  iiiterjxjses  to  the  passage  of  the  current. 
With  this  arnmgemcnt  a  sjdendid  band  of  light,  constant,  soft 
and  steady,  is  obtained. 

The  principal  advantages  of  the  candle  appear  to  be  due  to 
the  fact  ihiit  it  is  neither  dazzling  nor  bhiziug,  and  does  not, 
therefore,  surround  the  various  objects  iHuminatt.'d  with  the 
digagn>eable  haze  and  ghastly  sliadows  that  are  ol)ser\-4Mi  when 
the  ordinary  electric  light  is  \ise*l.  It  is,  however,  somewhat 
mure  expensive,  bat,  as  u  comjwusation,  Ls  said  to  allow  of  a 
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<^  ^e  ^c>5iiiff  p:»?:s  ii>ii  ^^>:ii:^v^zz:^  '■"-t^s.  c>t  omdt  is  ooin- 
rucoei  irro-Tirti  ^b*-  cartvcs.  T^ich  ^ro^r  e»ci  otber.  and  tlie 

'jcas  315  ibe  carrKu  i?  r^iiin^iii^i-  T^**  3^i2  t*Hi3i5  tcnrd  the 
■?c<rv>s**-  cad  frvca  V~x"-i  :i  <:ajTieo.  ui*cl  caaifflK  az>d  boms 

*?*  iwanftSL  II  from  *r:T  ca^is:-.  lie  -li^i  ffcvs  ctsx.  d>e  GFcaitis 
rcoies,  A^d.  of  <\>>.:rs^,  lire  t-Jivrv>-rs*rT>«  ocaaes  10  acL  Bat 
aie  iitstsiin  ibe  U'jxvr  Cftrtvxr;  iil^s  lie^  circxh  is  ftcsiaciknBd,  and 

1^  airanu^fts  \>f  t^j$  i&rr.)p  am^  ^ua  ii  ccii^sk^itf  mo  oombina- 
IMEC  of  m^iw}$  oc  j^^3^£v  a:r>ti  vVttiv^iKax^T.  11^;:^  is  ao  Tb»£i^ 
xj^of  ii>e»pJtrMitt?tv>^v>i  AtTfr,  T^  vartvtn^  acain,  ai«salaige 
^lat  tbrr  viil  la^  Ivsr  ion  r.i^ts.  oe  wm  ^-^crs  «ar^  and  dte 

^sadraxia^  1^  $%u^C<ft9ts  it:^^f  i$  ^t$  V-^  of  lonots  ior 
aixm^  6»e  lif^»  m  a  jnvysn  ^vx?»v  sv^  ai^  v  ^a»  i;  in 
viEb  a  Tflflftrtor, 

Ffe  *  ainJ  1<*  s^w  r«\>  f^Nrm*  *n?  i)***  Krosi  eJcvnic  ia^v  as 
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manufactured  by  tbe  Telegraph  Supply  Company,  of  Cleveland. 
Rg.  9  is  a  baugiug  lamp,  intended  for  factory  use;  lig.  10  an 
^jostAble  table  lamp. 

There  are  also  a  great  many  other  lamp8,  such  as  Serrin'a, 
Browning's,  Siemens'a,  etc,  and  all  of  whieb  are  more  or  less 
employed  wlien  it  is  liesired  to  maintain  tbe  constancy  of  the 
bgbt  for  long  continuous  working;  but  tbe  apparatus  we  have 
^_  just  described  contain  most  of  the  principal  chiirncteristics  and 
^B***Uvenicncea  embodied  in  these-,  an-I  it  will,  therefore,  be  un- 
^■neoecBary  to  give  more  attention  to  tbia  part  of  tbe  subject  at 
■pi'^esent 

^H.  ^J^tead  of  the  batterj-,  whose  employment  for  light  purposes 
'  ^  ^ow  almost  exclusively  confined  to  tlie  illustration  of  Iccture- 
'^^^^rn  experimeuts,  auJ  physical  demonstrations  in  class  rooms, 
^'^  Vj  the  production  of  luminous  effects  in  theatrical  exhibitions 
""^places  where  it  is  seldom  convenient  to  employ  a  steam  en- 
K>^tie— dynamo  electric  machines  are  now  almost  uuiversally 
^*s^,  and  their  advantages  over  the  battery  ai*e  very  marked  in 
^  ^reat  many  particulars.     Of  late  years,  dynamo  machines  have 

E^'so  been  extensively  introduced  in  electro  plating  cstablish- 
l^Hents,  to  take  the  j>lace  of  batteriea,  but  in  such  cases  their  con- 
l^truclion  is  considcrabl}-  modified,  in  order  to  adapt  them  to 
this  particular  kind  of  work.  As  ordinarily  constructed  for 
Kght  purjHwes.  the  machines  would  have  an  electro  motive  force 
,  far  t»M>  high  for  plating,  where,  as  a  general  thing,  two  or  three 
volts  are  all  that  arc  required. 
Large  dynamo  electric  machines,  for  light  purposes,  a]>pear  to 
'  have  teen  first  suggested  by  Professor  Nollet,  of  Brussels,  in 
1860,  but  since  then  a  great  many  modifications  and  improve- 
menta  have  been  introduced,  so  that  the  machines  of  to-day, 
although  depending  for  tbeir  action,  like  the  earlier  ones,  upon 
the  same  inductive  principle  by  which  mechanical  force  is  trans- 
formed into  electricity,  arc  nevertheless  far  superior  to  them, 
both  as  regards  economy  and  effectiveness  when  in  action. 

Fig.  11  represents  one  of  the  first  forms  of  these  machines  as 
constructed  by  Holmes,  of  London,  and  the  Compagnie  I'AlUance, 
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ol  Paha,  and  which  at  one  time  piomiaed  to  become  of  xery 
extetuaTe  ^pikatioa  (or  li^t>hoiue  porpoaes. 

In  this  *'**^"***  there  are  ei^fc  lovs  of  GompoanA  honKaboe 
mt%m  III  fixed  symmeHicaUr  anmnd  a  OMt  iron  frune  Thej  are 
80  anaoged  that  the  of^nsite  poles  always  soooeed  each  other, 
both  in  toadi  low  and  in  each  drcnbraeL  Thefe  are  also  aevcn 
cl  these  circokr  fiet&  with  six  interremng  ^laoea.  Six  ttroDase 
wheeb,  mounted  on  one  ceaml  axiat  revolve  in  these  intervals, 


Fit-  u, 

the  axis  heii^  driven  hy  steam  power,  transmitted  b^  a  [mUey 
and  bdt  Thespeedof  lotaliGn  is  ostully  S50  reroIotiofB  of  the 
««■  per  minate.  Raoh  of  the  six  hrcnae  wheeb  carrier,  at  ita 
cinmmlerenoe,  axkeea  ooihk  ooneqwnding  to  the  nomfaer  of  poks ' 
in  cadi  cocolar  set  Tlie  eon  ol  each  oofl  is  a  deft  tnbe  of  soft^ 
inn,  this  fona  having  been  loond  pecnliarir  {avotaUe  to  lapid 
ill  iimaf  lintinm  Badi  eoie  has  its  m^netian  rerened  t ' 
iln  cadi  lerolataon,  bj  the  inflaeoee  of  the  sixteen  i 
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idve  piurs  of  poles  between  which  it  passes ;  and  the  same  number 
of  currents,  in  alternately  opposite  directions,  are  generated  in 
tlie  coila  The  coils  can  be  connected  in  different  ways,  accord- 
ing as  great  electro-motive  force  or  small  resistance  is  required. 
The  positive  ends  are  connected  with  the  axis  of  the  machine, 
which  thus  serves  as  the  positive  electrode ;  and  a  concentric 
cylinder,  well  insulated  from  it,  is  employed  as  the  negative 
electrode. 

In  1854  Siemens  devised  a  very  effective  armature,  which  has 
since  been  much  employed  by  other  manufacturers  in  different 
forms  of  machines.  The  principal  advantage  of  this  armature 
results  from  its  occupying  but  little  space  for  rotation.  Conse- 
quently, it  can  be  kept  in  a  very  strong  magnetic  field ;  at  the 
same  time  also  its  form  renders  it  well  adapted  for  rotation.  It 
ooDsistB  of  a  peculiarly  shaped  electro-magnet,  such  as  would  be 
formed  by  cutting  two  wide  and  deep  longitudinal  grooves  oppo- 
mte  each  other  in  a  cylindrical  bar  of  iron,  and  then  continuing 
them  around  the  ends.  The  wire  is  wound  lengthwise  around 
the  oore  in  the  groove,  like  thread  upon  a  shuttle,  and  brass  caps, 
provided  ^th  axes  and  a  pulley,  are  then  screwed  on  to  the  ends 
of  the  magn^  When  this  armature  is  mounted  between  the 
poles  of  a  series  of  permanent  horseshoe  magnets  and  rotated 
Tflpidly,  very  strong  currents  are  produced.  The  two  ends  of 
the  wire  are  connected  with  a  commutator,  formed  by  fastening 
two  semicircular  pieces  of  brass  to  an  ivory  ring  on  the  axis,  and 
springs  bearing  upon  these  brass  pieces,  and  in  metallic  con- 
nection with  the  binding  posts  of  the  apparatus,  supply  the  means 
for  collecting  and  conducting  away  the  electricity  produced  in 
the  wire  coila 

By  employing  two  of  these  armatures  and  taking  advantage 
of  the  property  which  soft  iron  possesses  of  receiviiig  a  much 
higher  d^ree  of  magnetism  than  steel,  and  consequently,  there- 
fore, of  its  capability  of  producing  stronger  currents  by  induc- 
tion in  movable  coils  within  its  field,  Mr.  "Wilde,  of  Manchester, 
England,  has  succeeded  in  constructing  very  energetic  machines, 
and  which  are  well  adapted  for  producing  the  electric  light 


tHB    ELKCTKIC    LIGHT. 

The  apparatna  in  reality  oonsistfl  of  two  machines  combined  in 
one.  The  current  frcim  one  of  the  Siemens's  armatures,  pro- 
duced by  its  rapid,  rotation  in  the  strong  iiiagnotic  field  of  a  series 
of  permanent  magnets,  is  emjtloyed  to  vfaarge  a  large  and  power- 
ful electro-magnet,  between  whose  poles  the  second  annatiire  is 
nia»le  to  revolve,  aud  the  eurrcitt  from  tlie  latter  is  utilized  for  j 
the  light 
Two  armatures  for  the  electro*magnet  are  sometimes  furniahodj 
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J^,  13. 

with  the  machine,  one  with  wire  ooils  for  the  pnxluclion  of  cur- 
rents iif  rfithcr  high  clwiro-motive  force,  lo  bo  used  for  light 
puri>*:);«^  iiioiic,  and  tlio  other  with  coiU  of  sheet  copjwr  strips, 
which  give currenLa  of  leas  electromotive  force»  but  more  espe- 
cially adapted  for  platin*;.  With  the  inlcrchangeiibic  annalurcs, 
which  are  driven  by  bolts  running  on  pulleys  on  their  axis,  the 
machines  can  be  used  either  for  lighting  or  for  plating  at  p1ea»- 
nro,  and  thia,  in  some  particular  cases,  is  a  very  deHirable  feature^ 
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Namrmua  other  miirhines  are  constructed  with  interchangeable 
armatures,  on  the  same  plan  and  for  the  same  purpose. 

Another  fomi  of  magneifi  apparatus  is  that  known,  from  the 
name  of  it*  iuventor,  as  the  Ladd  machine.  Thia  was  first 
publicly  exhibited  at  the  Paria  Exposition  of  186T.  It  is 
shown  ill  fig.  12,  and,  as  will  be  seen,  employs,  lite  the  Wilde 
cnachinc,  two  Siemens's  armatures,  but  it  differs  from  the  latter 
principally  in  not  having  any  permanent  magnets  whatever  to 
ohoipslhoamvitnre  which  supplies  the  horizontal  field  coils  B  B. 
Two  long  flat  pieces  of  soft  iron  are  placed  within  these  coils  and 
attachetl  to  the  iron  castings  or  pole  pieces  Mil,  NN,  which  are 
lame*l  out  ju.st  large  enough  for  the  armatures  to  fit  inside 
of  them  and  rotate  without  touching.  Thick  strips  of  brass 
or  other  non -magnetic  metal  ai-e  al»o  placed  between  the  upper 
and  lower  castingn  i(  and  N,  to  keep  them  separate  from  each 
other,  and  thus  subject  the  armatures  between  them  U)  the  full 
force  of  their  inductive  action. 

The  connectiofLH  of  tlie  coils  are  .such  as  to  produce  opposite 
jx>lariti('A  in  if  and  N;  and  iht:  armatun!  at  the  Inft  of  tlin  ma- 
chine supplies  the  field  coils,  while  that  at  tlie  right  furnishes  the 
current  for  the  light. 

On<?(if  the  tnost  remarkaMo  properties  of  these  maehim^s  is 
thai  by  virtue  of  whicli  lliey  l«;t:uino  capable  of  prixlueing  exrecd- 
ingly  powerful  currents  from  the  smallest  beginnings;  the  simple 
reaelivo  effect  of  the  very  slight  residnal  magticlism  that  remains 
in  the  cctres  after  they  have  once  been  chiii^l  being,  in  fact, 
all  itmt  is  required,  on  re\-olving  the  armatures,  fur  their  produc- 
tion ;  and  to  ojwrato  a  new  machine,  it  is  only  net^essary  to  plaeo 
it  in  such  a  way  that  the  armatures  will  stand  in  the  magnetic 
moridinn,  and  then  cause  the  one  which  supplies  the  field  coils 
tt>  roLite  rapidly.  This,  of  c*>iirse,  causes  the  convolutions  of 
yrxtci  fsurroimding  the  latter  to  cut  through  the  lines  of  force  duo 
tt>  terrestrial  magnetism,  and  produces  in  them  electrical  currents 
of  greater  or  less  magnitude,  ilepending  \t[K>n  llicir  velocity  of 
rotation,  which,  on  traversing  the  larger  coils  B  B,  reader  the 
core*  and  pole  pieces  M   N  slightly  magnetic.     The  reactive 
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effect  of  the  magnetism  in  the  pole  pieces  on  the  armatatie  is 
thus  addeil  to  that  produ^xd  hr  the  earth ':i  magueli^ux,  and  an  ia- 
creased  curreal  flows  into  the  fiekl  eoiU.  A  greater  ileeree  of  mag- 
netism is  c«insequentljr  produced  in  the  pole  pieces,  which  causes 
the  Litter  to  react  ones  more  on  the  smnaiures,  and  the  result  of 


which  is  a  correspor'^™"  ■■' 
magnetisiii.     Bv  thij 
ingly  brief  iuierval  * 
main,  of  streugth^  at 
uniform  velooily  of  acini 
ever,  and  much  morrow 
first  time,  to  use  th 
machine  aln^nJv  chiugeu,  i 
upon  terrestrial  niagnet 
The  macliines  thus 
currents  of  VLirviiiir  strenwi . 


'to  the  earrent,  and  increased 
ipv  the  cum'^iit,  in  an  exceed- 
a  from  nothing  to  ft  nuud- 
6  practically  conntant  for  u 
I.  It  is  usually  better,  how- 
charging  a  machine  lor  the 
a  battery,  or  from  another 
'pend  alone,  for  this  effect, 

I  fur  Dish  only  momentary 
iritv.    If  currents  of  but  one 


direction  are  required,  these  iniermitieni  currents  must  be  recti- 
fied, as  we  have  already  seen,  by  means  of  a  commutator,  and 
this  causes  a  diminution  in  the  strength  of  current,  and  is  fre- 
quently accompanied  by  the  production  of  sparks.  Mr.  Z.  J. 
Gramme  has,  however,  invented  a  machine  in  which  these  objec- 
tions are  not  met  with,  as  tiie  current  obtained  from  it  flows 
continuoush',  and  in  one  direction  only. 

The  niiignetic  field  in  this,  iis  in  other  machines,  is  created  by 
a  powerful  magnet,  of  such  a  shajw  that  its  poles  confront  each 
other,  and  its  characteristic  feature,  therefore,  lies  wholly  in  the 
construction  of  tlie  armature.  This  consists  of  a  ring  of  soft 
iron,  surrv>undeil  by  an  endless  coil  of  wire,  and  is  rigidly 
attaclunl  to  an  axis,  so  that  it  can  be  made  to  revolve ;  one 
half  of  the  rii^g  being  under  the  inHuence  of  the  north  pole,  and 
the  other  under  that  of  the  st.>uth  jx>Ie  of  the  magnet 

As  the  rinjj  wvolves,  every  }>ortion  of  it  changes  position  in 
tlie  nnignetio  field  ;  but  no  current  is  develoi>ed  in  the  wire,  con- 
siden^l  as  a  whole,  h.-*  the  latter  entirely  surrounds  the  ring,  and 
the  mjmnotio  state  of  this,  jw  a  whole,  remains  unchanged.  A 
point  on  tlio  rinj;  evrtisidt»i>Hl  by  itcseU,  however,  changes  polarity 
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twice  during  every  revolution.  As  it  recedes  from  one  pole,  it 
gcDerates  in  the  aurrounding  wire  an  electro  motive  force,  the 
same  aa  tbat  generated  wlicti  it  approaches  t.he  ollit^r  ]>ole,  and 
the  two  elct'tro  iiintive  forct-^,  cc >n serin t-ntly,  oppose  ea«h  otlior, 
but  whenever  an  external  conductor  is  provided  between  them, 
they  unit*?  nnd  prntluce  a  currents 

In  practice,  the  riti^  consists  of  n  bun<lle  of  soft  iron  wire,  and 
tlu!  helix  IS  made  in  sections,  each  one  of  which  is  connected  to 
its  neighbor,  and  also  to  a  strip  of  brass  forming  the  means  of 
connecting  with  the  external  circuit.  During  a  revulution,  and 
when  theclet'lro  motive  forces  of  op{K>sitc  sections  arc  at  a  maxi- 
mum, the  curresivonding  brass  stn])3  touch  a  couple  of  metallic 


springs,  anil  thus  niiikc  connection  with  the  external  c<>nductop. 
The  peculiar  construction  of  the  ring  will  bo  seen  by  rcfeningto 
fig.  13,  where  fieveral  sections  of  the  wire  B  B  arc  shown  upon 
the  ring  A.  The  figure  also  shows  the  way  in  which  connection 
id  made  with  the  brass  strip  It 

A  convenient  form  of  the  Gramme  machiue,  constructed 
especially  for  the  laboratory  and  lecture  table,  is  nhuwii  in 
ilg.  14. 

At  the  present  time  electric  light  machines  and  machines  for 
plating  porpOBca  are  made  by  numerous  manufacturers  in  this 
countr}'";   but  formerly  by  none  on   a  scale  so   large  as  ihat 
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carried  on  by  Messrs.  "Wallace  &  Sons,  of  Ansonia,  0»»nn.  This 
firm  began  the  construction  of  these  machines  for  the  market  in 
the  spring  of  iSTo,  and  fiince  lliut  time  thfi-e  is  haMly  any  f'»nu 
of  magneto  macUinu  tlmt  hu»  not  been  buill  and  ti'^ted  ut  their 
works. 

The  mut'hiiic  which  the}'  finally  det-ided  iipi^n  mnniifacturiiig, 
iw  possessing  the  greatest  inoril,  is  the  invention  of  MoseS  G. 
Kunner,  formerly  of  Boston,  but  now  und  for  the  lust  three  years 
electrician  at  the  Govenunent  Tor(>edo  Station,  at  Newport,  R.  L 


r<i^^ 
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Tills  machine,  which  has  been  somewhat  motlifled  and  im- 
])roved  upon  from  time  to  time  by  ifr.  William  Wallace,  is,  in 
many  res|«^!tH,  unlik'o  any  of  the  other  forms  that  we  have  con- 
fiidere<i.  It  constHLs  of  two  large  electro- ma^TicUi,  an  anmiture, 
two  commutatni-3  and  four  bru^thcs,  the  latter  forming  part  <if 
the  circuit,  and  serving,  when  the  muchinc  is  in  opemtion,  to 
collect  the  currents  preneraWd  in  the  aftnatnre  coils.  The  two 
magnets  are  mounted  upon  u  ciist  iivn  fmmoi  similar  to  that  of 


r 


rARMEBS  DY^fAMO- ELECTRIC   MACHlNi:. 


a  lathe,  an<l  ore  made  to  fare  eacli  other,  while  the  armature, 
which  consists  of  un  iron  casting  of  varj'ing  diameter,  according 
to  xhe  size  of  the  machine,  is  mounted  upon  o.  shtdi,  and  placed 
betM'eeu  the  magnets.  The  shaft  also  carries  jtuHcys  at  each,  of 
ita  ends,  and  is  mode  to  rest  in  licai-ings  in  the  yokes  of  the 
ele«^!tio-inagnet&  The  armature  disk  carries  on  each  side,  and 
**^nj  itM  peripherj',  twenty-five  wedge  shaped  projections,  of 
^•"tiiph  there  are  fifty  in  all,  that  face  the  poles  of  tlio  elcctro- 
*"^»^^iicts,  and  on  whi«li  coils  *)f  wire  are  placed.  'J'ho  tcnniuals 
^f  those  coils  are  joined  together,  and  a  wire,  connected  with  the 
J'^YictJonSk  leads  to  the  commutator,  situated  on  the  sauio  side  of 
*•**«  plate — all  the  noils  an  one  side  <'onneoting  with  one  <x>m- 
**^iitator  and  nl!  on  the  opposite  side  with  the  other. 

The  commutators  are  placed  u|»f»n  llie  shaft,  between  the  l^a 

'■^X  the  two  magnetd,  and  consist  of  w«K>d  or  other  more  durable 

^tisulating  suhstance,  on  which  strips  of  bnksa,  connecting  with 

tlje  wina^  from  the  armaiupo  c<Til.'<,  are  secured.    Tlio  ctmncctions 

of  the  machine  are  so  arranged  that  when  the  external  eiivuit, 

Vhich  may  consist  of  llie  hght  apparatus  or  depositing  vats  with 

their  leailing  wires,  is  ctnupleted,  tlie  armature  and  field  of  force 

coils  are  combined  with  it  i  n  one — an  arrangenn-nt  for  w^hich  Mr. 

Fanner  obtained  a  pat^-nl  in  1872,  and  which,  when  the  external 

resistance  is  low,  is  of  very  great  advantage. 

The  eight  inch  machine,  so  calletl  from  llic  length  of  its  electro- 
magnet, and  which  is  the  one  most  commonly  employed.  wUl  pro- 
duce two  lightH  of  about  two  thousand  candle  power  each,  and 
is  so  arnmgctl  lliat  the  two  may  be  combined  in  one  if  desired. 
It  weighs  six  hundred  pounds,  and  requires  to  <lri  vo  it  about  one 
borae  power  for  every  twelve  liundreil  candle  li;^ht. 

The  machines  made  by  Messr&  Wallace  &  Sons  weigh  from 
one  liundred  and  twenty-five  to  ihnx;  thousand  jvounda  each,  and 
are  capable  of  producing  alight  equal  to  that  of  from  one  thou* 
sand  to  forty  thousand  candles.  Some  of  them  will  even  maintain 
the  arc  with  the  carbtms  three  and  a  half  inches  apart  Fig.  16 
dwwa  another  form  of  the  light  machine,  as  constructed  by  the 
TelegiBpH  Supply  Co.,  of  Cleveland,  on  a  plan  devised  by  Mr.  C. 
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^*  Bruah.     Tlienj  are  two  marked  clifEen^cea  hntwcon  lliia  and 
'>m^r  machines,  tlie  lirst  of  -which  consists  in  the  peculiar  method 
l^'*l»tcd  for  winding  the  annature;  the  latter  is  composed  of  a 
or  endless  band  of  iron,  but  instejid  of  having  a  uniform 
'  section,  like  tluit  of  the  Gramme  machines,  is  jtrcjvided  with 
*^^ves  or  dcprcssinns  whoso  direction  is  at  right  anglca  to  its 
letic  axis  or  length.     These  grooves,  which  may  be  of  any 
l>le  numl)er,  acconling  to  the  tisea  for  ■which  the  machine  is 
*i^od,  are  wound  full  of  insulated  copper  wire.     The  udvau- 
*'6e  of  winding  the  wire  in  grooves  or  depressions  in  the  arma- 
,  '^^**'^  i»  twofold ;   first,  the  projecting  portions  of  the  armature 
^^trween  the  soelioiis  of  wire  mny  be  made  to  revolve  very  cUwe 
*'**  the  poles  of  the  mngDcta  from  which  the  mngnotic  force  is 
'^^rivc*!     By  this  means  the  inductive  force  of  the  magnets  is 
utilized  to  a  much  greater  extent  than  is  possible  in  the  case  of 
annular  armatures  as  ordinarily  used,  which  are  entirely  covered 
"With  wire  and  tmnnot,  therefore,  be  brought  very  near  the  mag- 
nets ;  second,  owing  to  the  exposure  of  a  very  considerable  \>ot- 
tion  of  tlie  armature  to  the  atmosphere,  the  heat,  which  is  always 
^cvclopc<l  by  the  mi>i<lly  succeeding  mngnetizutions  ami  demag- 
netizations of  armatures  in  motion,  is  rapidly  dissipated  hy  radi- 
ation and  conveotioQ.     In  the  case  of  armatures  entirely  covered 
vrilh  wire  the  ew-ape  of  the  heat  is  very  slow,  so  that  they  must 
mn  at  a  comparatively  low  rate  of  speed,  with  corrc?iK>nding 
'       effect,  in  order  to  prevent  injurious  heating.     The  second  differ- 
ence lies  in  tho  manner  of  connecting  the  armature  coils  to  the 
I  commutator,  this  being  such  that  only  the  particular  a)i!a  which 
contribute  to  the  production  of  the  current  are  in  circuit  at  onca 
During  tho  time  they  are  passing  through  the  neutral  points  in 
tlie  magnetic  field  Ihoy  are  cut  out  one  after  tbeother,  and  thus, 
Tfhilo  idle,  do  not  tend  to  weaken  the  effeetd  of  the  machine  by 
affording  a  path  to  divert  the  current  generate*!  in  the  active 
sections  frrtm  Ma  projwr  channel. 
It  would  be  an  interesting  matter,  if  the  efficiency  of  all  the 
jdiffereiit  maehiues  employed  in  the  proiluction  of  tho  eleetrio 
flight  could  be  obtained  and  published,  so  as  to  be  readily  avail- 
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able.  A  genera]  comparisozi  could  then  be  made  wliicU  wnu]^ 
a  meainure,  settle  the  ever-recurriug  question  in  regard  to  ilie 
superiority  of  thia  or  lliat  muchine.  Undoohtedly,  this  infor- 
mation exists  for  many  of  the  machines,  as  numerous  mcasuro> 
mentfl  of  thera  have  been  made  by  different  expenuieuters,  but 
the  results  have  in  mcwt  autes  never  been  iimde  public,  and  are, 
therefore,  to  be  found  only  in  the  hands  of  the  individual 
experimenters  themselvea  It  may  be  stated,  however,  from 
such  itiforamtion  aa  'wehaVe  found  available,  that  the  amount  of 
enei^'  obtainable  a»  electricity  from  the  best  maohineH  prolrably 
does  not  exceed,  or  if  so,  only  in  a  slight  degree,  two  thirds  th 
of  the  mechanical  force  rcqiured  to  drive  them. 

The  expense  of  maintaining  the  electric  light  is  much  1< 
l^n  that  incurred  by  the  employment  of  any  of  the  ordinary 
methorls  of  illuminatioa  Mr.  Farmer  states  that  where  a  large 
amount  of  light,  say  from  tire  thousand  to  ten  thousand  candle 
light,  is  required,  it  can  be  produced  from  a  suitable  muchiue  at 
the  rate  of  one  thousand  candle  light  per  horse  power;  but, 
smaller  amounts — say  two  hundred  to  tlireo  hundred  caudle 
light — ^are  relatively  more  expensive,  proliably  about  one  half 
horec  power  for  two  hundred  to  two  hundred  and^tv  candlaj 
ligK  '  f 

This  is  inTich  more  economical  tlmu  when  produced  from  any 
of  the  onlinary  funus  of  gaU-anio  battery.  One  honse  power 
may  bo  reckoned  as  costing  from  two  to  six  cents  per  hour, 
which  woiiM  give  the  cost  of  ten  thousand  candle  light  as  sixty 
cents  per  imur,  pimply  for  power.  Of  course  si>me  other  items, 
such  as  oil,  attendance,  interest  and  depreciation,  also  coet  of 
ciirbons  cnnsutno<l,  would  incn>a80  this  amount  Bomowhat,  but 
even  at  twiw  or  ihrcd  limes  thLs  rost  it  is  still  much  less  expen- 
sive tlmn  gas  light  rit  three  cantllc  light  to  the  cubic  foot  per  hour, 
at  $*2.60  ]n:v  ihouiyind  /or  giis. 

Tlio  dillicully  of  procuring  wirlrons  that  would  burn  uni- 
formly has  been  a  Houn'o  of  a  gn'ut  deid  of  annoyance.  If  the 
carlx>n  in  tjikeu  JMi>t  iw  it  comes  from  tlw  gaa  retorts  and  sawed 
into  sluipo,  it  is  fnund  to  iwatain  many  impurities,  and,  when 
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^"^nxi^g^  will  frequently  split  and  large  ]«eceB  drop  oft     If  it  is 

^^    palverizod  and  theu  pressed  iuto  shape,  as  is  done  for  bat- 

"'y   plates,  difficulties  of  one  form  or  another  atill  appear,  aud 

®  ^ong  road  of  trial  and  failure  has  generally  had  to  be  pretty 

.  ^IJ  troddea  over  hy  all  who  have  given  this  jKirt  of  the  sub- 

J^^t  maeh  atUjiition.      Mr.  WuUace,  who  has  studied  it  very 
*oscly,  has,  we  believe,  succeeded  in  piwiucing  very  satisfactory 

^^Vbons,  but  we  are,  as  yet,  unacquaiutetl  with  the  process. 

The  best  illuminating  effect  appears  to  bo  protluood  from  thiu 

"^^arbon  pencils,  but  it  has  heretofore  been  found  itnpraoti- 
■^^ble  to  use  such  pencils,  on  account  of  their  hijrh  resistance 
*!id  the  rapid  consumption  of  material  due  to  tlie  action  of  the 
air  on  their  highly  heated  ends.  Mr.  Brush  has  souglit  to  ob- 
viate these  difficnUica,  and  at  the  same  time  impnivc  the  illumin- 
aliug  jM^wer  <jf  the  light,  by  the  admixture  of  ililTorent  foreign 
Aubetances  with  the  carbon  and  by  sum>unding  the  stick  either 
mechanically  or  by  electi-o-platingwith  various  met^ils.  By  liiis 
means  a  free  and  ready  conductor  ia  afforded  for  tlie  current 
and  a  gowl  connection  between  the  carbon  aud  its  holder  secured, 
wliile  the  employment  of  longer  and  thinner  pencils  ia  also  reu- 
dered  practicable,  and  there  is  little  or  no  liability  to  breakage. 

In  operation  the  intense  heat  of  the  arc  melts  and  disperses  the 
covcrinff  of  the  carln^ii  sticks  at  their  opposing  points  and  for  a 
proper  dtstaiicu  bt?yoinl,  but  no  farther.  The  l>alanc<*  of  the  car- 
htitifl  is  entirely  preserved,  while  as  fast  as  they  are  burned, 
jiist  80  fast  will  their  covering  be  removed,  leaving  tlie  carbons 
expired. 

Th<?  sulKlivision  of  the  light  is  another  of  the  problems  tluit 
have  occupied  the  attention  of  inventors  a  great  deal.  No  one 
dtmbts  that  the  division  can  be  effected,  but  to  do  tliis  in  a 
simple  manner,  and  offer  to  the  public  u  cheap  aud  practical 
derioe  for  the  purpose,  lias  not  been  an  easy  task.  It  would 
appear,  from  some  of  the  latest  experiments  made  at  the  works 
of  Messrs.  Wallace  &  S<)ns,  tliat  there  is  scaively  any  limit  to 
the  n»imbcr  of  suMivisions  that  can  be  made,  and,  to  a  cer- 
tain extent,  most  of  the  machines  am  now  constructed  to  give 
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separate  lights.  One  form  of  construction  of  the  Brush  machine 
is  capable  of  producing  four  independent  lights,  of  3,000  candle 
power  each. 

One  of  the  early  methods  of  obtaining  a  number  of  lights 
from  a  single  source  consists  in  the  employment  of  thin  strips  of 
platinum  or  iridium,  whose  temperature  is  raised  by  the  passage 
of  the  current  to  a  point  only  slightly  below  the  melting  point  of 
these  metala  When  strips  or  wires  of  either  metal  are  rendered 
incandescent,  a  mild  and  pleasant  light  is  emitted,  much  le^ 
contracted  and  glaring  than  the  light  obtained  from  carbon  pen- 
cils; and  with  the  additional  advantage  also,  that  no  vitiation  of 
the  atmosphere  occurs,  and  the  amount  of  light,  at  any  one 
point,  can  be  made  as  small  as  may  be  desired. 

Platinum,  according  to  Mr.  Farmer,  affords  about  100  candle 
light  per  square  inch  of  incantiescent  surface,  when  within  220° 
of  the  point  of  fusion,  and  a  bar  or  wire  of  this  metal  can  be  main- 
tained at  this  temperature  for  any  length  of  time  by  means  of  a 
suitable  regulator  and  current.  Iridium  ia  even  better  adapted 
for  illuminating  purposes  than  platinum,  as,  in  consequence  of 
its  higher  melting  point,  it  yields  more  light  per  square  inch  of 
heated  surface. 

Whilft  it  is  undoubtedly  true  that  the  light  obtained  in  this 
way  is  n  >t  the  most  advantageous  for  ligbt  house  and  steamship 
purposes,  or  for  places  where  the  dazzling  light  of  the  arc  is 
required,  it  is  none  the  less  true  that  for  many  other,  and  es- 
pecially for  private  or  domestic  uses,  it  possesses  decided  advant- 
ages over  the  carbon  liglit,  and  on  many  accounts — among 
which  the  facility  attending  its  regulation  is  not  least — is  far 
preferable. 


CHAPTER    II. 

PROGRESS   IN   ELECTRIC  LIGHTING. 

The  first  chapter  of  this  work  is  confined  to  a  brief  general 
idea  of  the  production  of  the  electric  light  and  to  the  state  of  the  art 
at  the  close  of  the  year  1878.  The  second  chapter  is  devoted  to 
a  reconsideration  of  the  subject,  and  to  the  presentation  of  such 
additional  information  as  vill  givethe  reader  a  comprehensive  idea 
of  the  progress  which  was  made  in  the  application  of  electricity 
tolighting  purposes  during  the  succeeding  two  years.  The  third 
chapter  describes  the  invention  and  development  of  incandescent 
electric  lighting;  and  the  succeeding  chapters  illustrate  the 
enormous  strides  which  have  been  made  within  the  past  few 
yearSj  both  in  electric  lighting  and  in  the  production  and  trans- 
mission of  electric  energy. 

It  has  been  stated,  on  page  30,  that  much  difficulty  is  ex- 
perienced in  procuring  proper  carbon  pencils  for  light  purposes 
— a  fact  that  any  one  who  has  at  all  experimented  with  electric 
lighting  cannot  have  failed  to  notice;  and  it  will,  therefore,  be 
interesting  to  say  a  few  words  first  in  regard  to  the  best  means 
that  have  been  devised  by  diflEerent  experimenters,  in  the  pre- 
paration of  material,  for  remedying  this  defect. 

Foncault  certainly  made  a  decided  step  toward  the  practical 
use  of  the  light  when  he  substituted  gas  retort  carbon  for  the 
substance  previously  used.  Before  that  time  the  arc  was  scarcely 
more  than  an  interesting  toy,  and  only  rarely  seen  outside  of  the 
cabinets  of  schools  and  colleges ;  but,  as  intimated,  the  substitu- 
tion partook  more  of  the  nature  of  an  improvement  than  any- 
thing else,  and  did  not  solve  the  question  completely,  since,  to 
this  day,  it  occupies  the  attention  of  practical  men. 

One  of  the  earlier  methods  of  preparing  carbons,  and  which  to 
some  extent  is  still  used,  consists  in  first  reducing  coke  to  a  very 
fine  powder  and  mixingit  with  syrup  with  which  it  is  thoroughly 
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incorporated.  The  mixture  is  then  strongly  compressed  in 
moulds  and  baked,  and  afterwards  placed  in  a  concentrated 
solution  of  sugar  or  molasses  until  saturated  It  is  then  placed 
in  an  oven  and  raised  to  a  white  heat,  at  which  it  is  maintained 
for  an  hour  or  more.  By  this  means  moisture  is  all  driven  off 
and  a  compact  mass  ia  formed,  which  may  be  rendered  still  more 
solid  by  repeated  saturation  and  baking.  The  disadvantage  of 
carbons  prepared  in  this  manner,  however,  is  that  they  con- 
tain all  the  impurities  of  the  coke,  no  means  being  taken  to 
exclude  these  injurious  matters. 

A  purer  material,  capable  of  giving  a  very  steady  light,  is  made 
by  placing  pencils  of  gas  retort  carbon  in  caustic  potash  or  soda, 
melted  and  raised  to  a  white  heat,  and  in  which  they  are  allowed 
to  remain  a  quarter  of  an  hour  or  more.  The  sticks  are  then 
washed  in  hot  water,  and  placed  in  a  porcelain  or  refractory 
earthen  tube,  through  which  a  current  of  chlorine  is  passed, 
while  the  whole  is  maintained  at  a  red  heat  for  several  hours. 
Alanv  of  the  im[mrities  that  are  not  removed  by  the  potash  or 
soda  are  thuK  clumgod  into  volatile  chlorides  and  driven  off. 

Another  way  of  procuring  very  pure  carbons,  according  to  M. 
Fontaine,  from  whom  we  borrow  liberally  on  this  point,  has 
beeii  suggested  by  M.  Jiic<^aelin,  a  Frencli  chemist,  of  the  Central 
School,  at  Paris.  This  consists  in  imitating  the  condition  of 
things  that  is  brought  about  in  gas  retorts  during  the  manufac- 
ture of  gas,  which  is  tlie  reduction  of  the  material  and  contact  of 
the  heated  and  very  <lense  hydrocjirbon  matter  with  the  sides  of 
the  retort  Part  of  tlie  matter  is  thus  volatilized,  while  the  rest 
is  decomposed,  and  leaves  a  deposit  of  carbon.  In  the  retorts  of 
gas  works  the  hydrocarbon  matters  carry  with  them  much  of 
the  impurities  contained  in  the  coal ;  but,  by  taking  tar,  pro- 
duced by  actual  distillation,  which  is  consequently  free  from  all 
non-volatile  impurities,  and  reproducing  the  above  conditions 
in  specially  prepared  apparatus,  It  would  seem  possible  to  pro- 
duce carbon  of  great  purity,  and  such  has  actually  been  found  to 
be  the  case.  Plates  obtained  in  this  manner,  and  sawed  into 
sticks  of  the  proper  dimensions,  give  a  perfectly  steady  light  that 
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»  not  only  wliiter,  but  more  intense  as  well — something  like 
twenty-fivo  per  cent  more  so  for  a  given  current  tliun  tliat  pro- 
duced by  cfiHwns  prepared  in  the  ordinary  manner.  Consider- 
We  inconvenience,  however,  is  experienced  in  preparing  the 
slicks  for  use,  as  the  carbon  ia  so  hard  that  it  c^n  only  be  cut 
with  the  greatest  diffientty. 

A  composition  for  nrtificiul  Cftrbons,  consisting  of  powdered 
coke,  caJctued  lamp  black  and  a  particular  syrup  formed  of 
twelve  parts  of  gum  and  thirty  of  cune  sugar,  hjia  been  intro- 
dnceti  in  France  within  a  couple  of  years  past,  ar.d  is  strongly 
recommended  by  the  inventor,  M.  Carrd  The  proportions  given 
in  bis  p.ilfnt  iirc,  fifteen  parts  of  the  purest  coke,  rcduc*?d  to  a 
vt*ry  fine  [M>wdt*r;  five  parts  lamp  black,  and  seven  to  eight  of 
the  syrup.  The  whole  should  be  thoroughly  ground  together, 
and  one  to  throe  piu'ls  of  water  added  to  compensate  for  the  loss 
by  evapomtion,  and  give  it  tht!  <legree  of  consistency  which  it  ia 
de&ired  tlie  paste  shouhl  possess.  The  latter  is  then  pressed  ami 
passed  through  a  die  pla'c,  by  which  process  the  projjer  fonn  is 
given  to  the  carbons.  Thrse  are  afterwards  |>acke<l  in  crucibles 
and  subjected  to  a  high  tcmperatare. 

The  baking  of  the  ciirix^na   rciUy  comprelicn<is  u  series  of 

erations.  In  the  lirst  place,  tlie  tb-awn  or  moulded  sticks, 
irhile  yet  soft,  are  placetl  in  a  horizontiil  position  on  a  bed  of 
coke  dn.st,  in  crueibleA,  each  layer  being  sej>arated  from  its 
neighbor  by  a  sheet  of  paper  between  them,  so  a.-^  to  prevent 
adherence  of  one  to  the  other.  A  layer  of  powdcrc<l  coke^ 
of  altoul  four  teuths  of  an  inch  in  thickness,  is  then  placed  on 
top,  lietween  the  last  serios  and  the  cover,  and  m-er  the  joint  of 
the  latter  is  spread  a  hke  thickness  of  silicious  santi 

After  the  first  baking,  which  should  be  continued  at  a  cherry 
beat  for  four  or  iive  hours  at  least,  the  carbons  ar*?  taken 
at  and  plucod  in  a  vessel  of  boiling  hut  and  very  c<tncentrate«l 
syrup  of  sugar  cunc,  or  caramel,  and  left  for  two  or  three  hours, 
Allowing,  also,  two  or  three  cooling  intervals  of  some  duration. 
so  that  the  fK>reB  may  became  filled.  The  carUjna  are  then 
drained  by  opening  a  atop  oock  at  the  bottom  of  the  vessel,  and 
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allowing  the  liquid  to  run  out  They  are  then  stirred  a  few 
moments  in  boiling  water,  to  dissolve  any  sugar  that  may  remain 
on  the  surface. 

When  dried,  they  are  again  replaced  and  baked  once  more, 
after  which  they  may  be  packed  in  the  crucible  in  a  standing 
position,  with  sand  between  them,  the  above  operation  being 
repeated  until  they  have  acquired  the  density  and  solidity 
required.  They  are  then  dried  slowly,  the  drying  process  being 
terminated  in  a  drying  oven,  whose  temperature  gradually  attains 
eighty  degrees  centigrade,  in  twelve  or  fifteen  hours,  and  to  pre- 
vent their  change  of  shape  in  drying,  the  sticks  are  placed  in 
V-shaped  pieces  of  metal. 

The  CaiT^  carbons  are  more  tenacious  and  rigid  than  retort 
carbon,  and  are  remarkably  straight  and  regular.  Sticks  two 
fifths  of  an  inch  in  diameter  may  be  used,  eighteen  inches  in 
length,  without  fear  of  breaking ;  and  their  cylindrical  form, 
joined  to  their  homogeneity,  causes  their  ends  to  remain  as  per- 
fectly sharpened  as  if  they  were  turned.  They  are  also  better 
conductors  than  retort  carbon.  The  only  inconvenience  that 
appears  to  accompany  the  use  of  carbons  prepared  in  this  man- 
ner, consists  in  their  rapid  wasting  away,  the  production  of  small 
sparks  and  the  irregularity  of  the  luminous  effect 

We  learn  from  M.  Fontaine's  work,  that  the  admixture  of 
foreign  substances  with  the  carbon,  of  which  mention  has  been 
made  on  page  31,  has  also  been  carefully  studied  by  M.  Carr^ 
within  a  few  years  past,  with  very  interesting  results;  and, 
from  a  large  number  of  experiments  made  by  him,  he  has  been 
able  to  deduce  the  following  important  facts : 

1.  That  potash  and  soda  at  least  double  the  length  of  the  are, 
rendering  it  also  free  from  the  hissing  sound  so  peculiar  to  it 
when  carbon  alone  is  used,  while,  at  the  same  time,  by  combining 
with  the  silicates  that  are  usually  present,  they  eliminate  these 
substances  from  the  pencil  points,  causing  tliem  to  fuse  into 
clear,  vitreous  and  often  colorless  globules  just  outside  of  the 
arc,  and  tliat  they  increase  the  illuminating  power  in  the  ratio 
of  1.23  to  1. 
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^  That  lime,  magnesia  and  strontium  increase  the  light  in 
**^  proportion  of  1.40  to  1,  and  color  it  variously. 

3.  That  iron  and  antimony  enhance  the  illuminating  effect  to 
^~«Oand  even  to  1.70. 

4.  That  boracic  acid,  forming  a  covering  that  excludes  the 
*^*~*aterial  from  the  oxygen  and  the  air,  increases  the  durability  of 
^\ie  carbon  materially,  though  without  augmenting  the  light 

Numerous  experiments  have  also  been  made  by  M.  Gaudoin 
"Vvith  carbons  containing  borate,  chloride,  phosphate  and  silicate  of 
Xime,  pure  precipitated  silex,  borate  of  magnesia,  magnesia, 
-aluminum  and  silicate  of  aluminum,  the  proportions  being  cal- 
culated so  as  to  give  about  five  per  cent  of  oxide  after  the  baking 
of  the  carbons;  but,  although  the  light  is  about  double  that 
obtained  from  gas  retort  carbons,  the  flame  and  vapor  resulting 
from  the  use  of  carlrans  prepared  in  this  manner,  is,  aside  from 
the  dangerous  character  of  the  fumes,  a  great  obstacle  to  their 
practical  introduction,  and  for  this  reason  chemically  pure 
carbons  only  should  be  employed  where  continuous  light  is 
desired. 

The  dust  of  retort  carbon,  althougli  containing  but  a  small  pro- 
portion of  foreign  mattera,  is,  nevertheless,  not  sufficiently  pure 
for  this  use,  and  its  employment  presents  some  inconveniences, 
while  washing  in  acids  or  alkalies,  to  which  the  carbonaceous 
matters  may  be  submitted,  with  the  aim  of  extracting  the 
impurities  they  contain,  is  a  costly  and  insufficient  operation. 
Lamp  black  is  pure  enough,  but  its  price  is  high  and  its  man- 
agement difficult 

M.  Gaudoin,  however,  has  found  a  solution  of  the  problem 
in  decomposing,  by  heat  in  closed  vessels,  the  dried  pitches,  fats 
or  liquids,  tars,  resins,  bitumens,  natural  or  artificial  essences 
or  oils,  and  other  organic  matters,  capable  of  leaving  behind 
sufficiently  pure  carbon  after  their  decomposition  by  heat 

The  apparatus  employed  for  effecting  this  decomposition  con- 
sists of  closed  retorts  or  crucibles  of  plumbago,  and  these  are 
placed  in  a  furnace  capable  of  being  heated  to  a  bright  red. 
The  lower  parts  of  the  crucibles  are  furnished  with  two  tubes, 
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one  serving  for  the  digengagemeiit  of  gas  and  volatile  mattcTs, 
and  the  other  for  the  introduction  of  the  jirimury  material.  The 
volatile  products  of  decomposition  may  ho  conducted  under  the 
hearth  of  the  furnace  and  there  burnt  for  heating  the  crucibles, 
but  it  is  more  advant"**"""  *'*  p^ni^n^t  them  into  a  condcnsvr^ 


IS  a-etover,  after  condeusa- 
■carbonri  that  ore  produced 

ferent  suliprotliicts  in  the 
kcs  great  care  to  avokl  the 
aceptihle  of  Ixiiug  attached 
;eiv(»r,  an  the  whole  value 

Moyed  fortliemaiiufuclure 


chamber  or  into  a  copjj 
tion,  the  tars,  oila,  essei 
in  the  operation. 

M.  Gaudoia  aUo  ul 
manufacture  of  his  earW 
use  of  iron,  zinc,  or  air 
by  these  tars  \*}  the  worms  oi 
rests  in  purity. 

Whatever  the  primary  material 
of  this  carbon  nuiy  he,  the  decomi>oaitton  by  heat  ehould  he 
capable  of  being  coiiduclcd  eitber  slowly  or  qiiitklyj  aocordiog- 
to  the  nature  of  the  subprotlucts  to  be  obtaiued.  For  openvting 
slowly,  it  is  sufficient  to  fill  the  ivtort  two  thinls  full  and  heat 
gradually  up  t<.>  a  clear  re<l,  avoiding  as  much  as  possible  the 
boiling  over  of  the  substances  For  operating  quickly,  the 
^mpty  retort  is  flr^l  heated  to  a  deep  red.  and  tlie  primary 
matenal  thrown  into  the  Ixjttom  in  small  quantities,  in  a  thin 
stream,  if  it  is  hquid,  and  in  small  fra^^ments  if  it  is  solid.  The 
slow  distillation  gives  most  tars  and  heavy  oils  and  Uitle  gas. 
The  quick  dccomjKisition  more  light  oils  and  ga& 

When,  theit,  the  primary  material  has  been  properly  chosen,  a 
carbon,  more  or  less  compact,  remains  in  the  retort.  This  Is 
pulverized  as  finely  as  possible,  and  llien  agglomerated  either 
alone  or  with  a  certain  quantity  of  lamp  black,  by  means  of  the 
carbides  of  hvdrogen  obtained  Jis  secondary  products.  The  car- 
bides thus  prepared  are  completely  free  from  irorj,  and  much 
preferable  to  those  found  in  commerce,  not  only  for  agglomer- 
ating thecarlKMi,  hut  also  for  impregnating  or  soaking  the  manu- 
factured objects.  The  last  operation,  when  ellected  with  com- 
mercial products,  introduces  oxide  of  iron  in  the  porea  ObT«* 
made  in  agglomerated  carbon  are,  for  the  same  variety 
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bon,  the  more  combustible  as  they  are  more  porous,  and  more 
porous  as  the  pressure  in  moulding  is  lessened.  The  inventor 
uses  steel  moulds  capable  of  resisting  the  highest  pressure  of  a 
strong  hydraulic  press. 

Although  the  draw  plate,  or  moulding  apparatus,  that  has  long 
been  in  use  for  the  manufacture  of  ordinary  graphite  carbons 
may  also  be  used  in  the  manufacture  of  carbons  for  the  electric 
light,  M.  Gaudoin  has  added  certain  important  improvements, 
that  make  the  apparatus  more  valuable  and  better  adapted  to 
the  work.     Thus,  instead  of  causing  the  carbons  to  issue  from 
top  to  bottom,  vertically,  he  places  the  orifice  or  orifices  of  the 
mould  upon  the  side,  and  in  such  a  manner  that  the  issuing  car- 
bons form,  with  the  horizon,  a  descending  angle  of  twenty  to 
seventy  d^rees.     The  carbon  is  guided  for  the  whole  length 
by  tubes  or  gutters.      This  arrangement  allows  emptying  the 
whole  of  the  matter  contained  in  the  mould  without  interrupt- 
ing the  work ;  and  as  the  carbon  is  constantly  supported,  it  does 
not  break  under  its  own  weight,  which  frequently  happens  when 
issuing  vertically. 

We  have  made,  at  different  times,  says  M.  Fontaine,  numer- 
ous trials  with  all  kinds  of  carbons,  and  those  of  M.  Gaudoin's 
manufacture  have  given  the  best  results.  It  hits,  however, 
necessitated  much  time  and  considerable  expense  to  remove  this 
manufacture  from  the  merely  scientific  domain  to  that  of  the 
practical,  but  success  has  crowned  the  efforts  of  the  inventor. 
The  results  of  some  of  these  experiments,  which  include  the 
retort,  Archereau,  Carrd  and  Gaudoin  carbons,  are  given  in  the^ 
accompanying  table,  No.  1. 
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No.  1. 

TABLE     (.IF     EXPERIMENTS     MADE     S0^T:MBER     6,     1876,     WH" 
IUFFEBENT    VHSDH  OF  OAiiHONS. 
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Tho  light  produced  with  the  retort  carbons  was  equal  to  one 
hundred  and  three  buniera,  that  hy  the  urtifli^iiil  carbons  varied 
between  one  hundred  and  twenty  and  one  hundred  and  eighty 
burners  for  the  Archereau  and  Carrd  carbons,  and  between  two 
hundred  and  two  hundred  and  ten  for  the  Gaudoln  carbons. 
The  mean  of  one  hundred  and  fifty  burners  may  be  applied, 
without  appreciable  error,  to  the  Archereau  and  Carrd  carbons, 
and  that  of  two  hundred  and  five  to  the  Gaudoin  carbons. 

Reduced  to  a  uniform  section  of   0.0001  square  m^tre,  the 

consumption  of  the  carbons  was,  respectively : 

For  the  retort  carboDs 61  millimdtres  (about  2     iachas). 

"      Archereau  carbons 66         "  "2.6       " 

"      Gaudoin  "       73  "  "      2.8t     " 

"      Carre  ■'       77  "  "3  " 


*  To  coDTert  milUm^trea  Into  inches,  maltlpljr  \tj  SBUK!. 


COMPAHISON   OF  DIFFERENT   CARBONS. 
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In  proportion  to  the  light  produced,  the  consumption  was  : 

For  tho  Gaudoin  carbons,  36  milUindtres  (about  1 .38  inch)  per  1 00  burnera. 
"       Archercau    "44  "        •         "     1.73    "  '* 

"       Carre  "         SI  "  "     2         "  "       ■      " 


retort 


49 


1.93 


A  Gramme  machine,  constructed  by  M.  Br^guet,  and  a  Carr€ 
lamp  by  the  same  maker,  were  used  in  conducting  these  experi- 
ments, and  the  carbons  were  taken  at  random  from  a  lot  of 
several  metres  for  each  series. 

At  the  rcqu^t  of  one  of  the  inventors,  and  with  the  coopera- 
tion of  Messrs.  Gramme  and  Lemonnier,  some  additional  experi- 
ments were  made  with  a  more  powerful  Gramme  machine  and  a 
Serrin  lamp. 

No.  2. 

RKSULTS   OF  A  SERIES   OP    EXPERIMENTS   MADE   APRIL   4,    1877, 
UPON   SEVERAL   DIFFERENT   KINDS   OF   CAUBOXS. 
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The  preceding  table  (No.  2)  gives  the  mean  of  three  series  of 
these  experiments,  made  with  the  greatest  precision.  The  elec- 
tric lamp  was  placed  vertically  and  on  the  same  level  with 
the  oil  lamp  and  photometer,  and  every  precaution  was  taken 
to  prevent  any  sensible  error  in  the  measurements  of  the  lumin- 
ous intensity. 

The  rate  of  consumption  of  the  carbons  in  these  experiments. 
and  reduced  to  a  uniform  section  of  .0001  square  metres,  was 
respectively  : 

For  the  Carre  carbons '44  millimetres. 

"       retort      "      40  " 

"       Archeroau  carbons 63  " 

"       Gaudoin  (wood  carbon) Gl  '• 

"        Gaudoin,  No.  1 "S 

In  proportion  to  the  light  produced,  the  consumption  was  as 
follows  : 

Fi»r  the  Gaudoin  (wood  carbon) 32  milliinutrcs  per  100  burners. 

"       Arclioreau  carbons 39  "  *'  " 

"       Carre  carbons 40  '"  "  " 

"       Gaudoin,  No.  ],  carbons 40  '"  "  " 

"       retort  carbons 50  "  "  " 

Thf!  h}i\it  given  by  tlic  Gaudoin  carbons  was  a  little  less 
n^giilur  tiian  that  ob.scrved  on  November  6,  1876.  That  given 
hy  tin:  Carr<5  earlx)ns  varied  in  less  than  a  minute  from  one 
huiidn.'d  to  two  hundred  and  fifty  burners;  the  arc  rotated 
TKwitivcly  round  the  points,  the  same  as  if  alternating  currents 
w<T(!  lifinj^  uHcd.  ^I'hc  Archercau  carbons  appeared  to  be  less 
tiiJrr.iivi'  than  at  the  first  trial ;  they  were  consumed  slowly,  but 
in'MlufM'd  a  light  .mo  variable  that  it  was  diflicult  to  take  photo- 
ifidtric.  iii'-asurcments.  Only  the  retort  carbons  maintained 
thnir  dunibilily,  luminous  intensity,  and,  unfortunately,  also 
their  'irrr.^uhiYity. 

W»i  t'.n\)\in\.  do  better,  while  on  this  subject,  than  describe  the 
UiWr  Uu\trttvruu'UiAi\iut  M.  Gaudoin  has  made  in  his  process,  and 
witieh  were  |nit4Mit)!d  April  7,  1877. 

•  T"i  ciiiivcrt  iiillUmfitreB  Into  inchos,  multiply  bjr  .0393T. 
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Instead  of  carbonizing  wood,  reducing  it  to  powder,  and  then 
submitting  it  to  mixture,  the  inventor  takes  dried  and  properly 
chosen  wood,  to  which  he  gives  the  definite  form  the  carbon  is 
to  possess,  and  then  converts  it  into  hard  carbon,  and  finally 
soaks  it  in  the  manner  before  described. 

The  distillation  of  the  wood  is  effected  slowly,  so  as  to  drive 
out  the  volatile  substances,  and  the  final  desiccation  is  made  in 
a  reducing  atmosphere,  at  a  very  high  temperature.  A  previous 
washing,  in  acids  or  alkalies,  removes  from  the  wood  any  im- 
purities that  it  possessed. 

M.  Gaudoin  points  out  also  the  means  of  filling  up  the  pores 
of  the  wood,  by  heating  to  redness,  and  submitting  it  to  the 
action  of  chloride  of  carbon  and  different  carbides  of  hydrogen- 
He  hopes  by  this  means  to  produce  electric  carbons  of  small 
consumption,  and  giving  an  absolutely  steady  light 

Since  the  first  edition  of  this  work  was  printed,  a  series  of 
experiments  has  been  made  by  a  committee  of  the  Franklin 
Institute,  with  several  of  the  machines  now  used  for  light  pur- 
poses. Having  also  been  conducted  with  the  greatest  care  and 
skill,  and  including,  as  they  do,  accurate  measurements  of  the 
various  factors  which  affect  the  general  question  of  electric 
lighting,  these  experiments  will  necessarily  possess  a  great  deal 
of  interest  for  persons  whose  attention  may  be  directed  to  the 
subject,  and  we,  therefore,  give  a  large  share  of  the  committee's 
report  in  regard  to  them  complete. 

Previous  to  the  commencement  of  the  labors  of  the  commit- 
tee, an  invitation  was  extended  to  makers  of  dynamo-electric 
mmjhines,  with  a  request  that  they  should  furnish  machines  for 
competitive  trial  The  machines  supplied  were  two  each  of  the 
Brush  and  Wallace-Farmer  types,  and  a  Gramme  machine 
which  had  formed  a  part  of  the  exhibit  of  M.  Breguet,  at  the 
Centennial  exhibition. 

In  measuring  the  power  used,  indicator  diagrams  were  taken 
from  the  engine,  as  a  check  on  the  dynamometer  readings, 
although  the  latter  were  relied  upon  in  making  our  calculations, 
except  in  the  case  of  the  large  Wallace  machine.     This  machine 
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H 

ustiti^iH 
as  tak^^B 


requiring  inoro  power  than  could  be  supplied  by  tho  insti 
engine,  or  saTely  tniusmittcd  by  tlie  dynamometer,  it  was 
to  the  works  of  the  I.  P.  Morris  Cu.,  and  driven  by  an  engine  — 
9"  bore  aud  18"  stroke,  and  the  amount  of  power  oousumed  d- 
termined  from  the  indicator  diagrams.  This  determiuatioa  we 
sufficient  to  demonstrate  the  fact  that  this  machine  pocBeases  n 
economical  advantages  over  the  smaller  one  of  the  same  maka 
but  the  ]x>wer  consumed  is  omitted  from  the  table  of  resolts,  a 


coB^MtfUv^.'  ;.^ti  on  the  (iiftenot  mrtbods  vmld  be  < 

T\b&  ioSkmiag  is  a  dnvn^^oo  oC  Uie  nachuMs  submittBd  to 
cxamiittikin.    Tbdr  dincvstoM  kto  ^tm  m  TUde  HL 

Tbe  QiMBwe  nndhiiMv  %  l^  cottsats  vl  t«o  crfiBdriciI 
tthjtoo-wywts,  witb  tb«r  conboMd  poles  cxmde^  br  pieces 
«l  a«Bk  Aapn  as  Marij  to  oaTriop  tk» 
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betveea  them,  5gs.  17  and  18.  Tbe  armature  is  oompoAedof 
a  ring  of  soft  iron,  with  insulated  copper  wire  wound  over  itftj 
entire  surface.  This  wire  is  divided  intn  sixty  coils,  connected' 
Buoccsaively  at  their  ends,  and  the  loops  thus  formed  hetwcen 
each  jmir  of  coils  ore  connected  to  the  copper  strips  of  ilie  cotn- 
mutator.  Fig.  18  represent  tlie  mode  of  winding  this  wire  on 
the  riug,  only  a  few  turns,  however,  being  shown. 

'riie  commutator  consist^  of  cop|)er  Btnps  equal  in  number  to 
the  armature  coils,  placed  radially  edgewise  around  the  shaft  of 
tlie  machine,  and  iusulateil  from  each  other  and  the  shaft,  thus 
forming  a  cylimlcr,  iLie  surface  of  which  is  ajmposed  of  alter- 

te  strips  of  copper  and  insulating  material.     ITjh)ii  llie  bur- 


I 


I  of  the  commutator  rest  bundles  of  soft  iron  wire,  by  which 
the  currents  generated  in  the  armature  voils  are  oonducted  to 
ihr  external  circuit  As  llic  armuturo  is  rotated  )»otween  the 
poles  <if  the  field  magnels,  ourn'uta  of  electricity  arc  generated. 
These  tuachines  are  also  constructed  with  two  commutators, 
cb  connectwi  respectively  to  nUomatenrmattiR'  coils,  in  which 
tlie  extortud  circuit  can  boihvided;  but  it  is  U£vial  to  pass 
both  ciirreiits  through  the  field  coils,  and  then  join  them  in  tlie 
rxtoriial  circuit.  This  machine  runs  smoothly  iind  very  ([uietly, 
with  few  or  no  sfuirks  at  the  c«immuTator,  and  very  little  heatitig, 
the  temperature  of  the  armature  being  about  98°  Fahr.  after 
rauaiog  nearly  five  liours. 
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iTie  Bnisli  machine,  iijr.  19.  has,  for  its  magnetic  field,  two 
*'*^''seshfie  elociro-inai^neLs,  witli  their  like  }>alcs  facing  each  other, 
*fc  a,  suitable  distance  apart,  the  circular  armature  rolatiug 
'►et-ween  them. 

1  x»  this  machine  the  currents  are  generated  in  coils  of  copjier 
^i*"^,  wound  upon  an  iron  ring,  eonstirating  llie  armature.  This 
'^■^^  is  not  entirely  covered  bv  the  coils,  a.s  in  the  Gnimma 
^^iiiatiire,  but  the  alternate  uncoveretl  spaces  bt'twt'on  tlio  coiia 
**^  almoe^t  completely  filled  by  iron  extensions  fmm  the  ring, 
win_s  exposing  lai^  surfaces  of  the  armatuiv  ring  for  the  disai- 
P^t-ion  of  heal,  due  to  its  constaatly  changing  magnetism,  as  io 
«»ti  Paiunotti  machine. 


'■^4y^' 


fe*- 


z^ 


The  ring  revolves  betweeu  the  poles  of  two  large  field  mag- 
nets, Ute  two  (Kjsitive  poles  of  which  arc  at  the  same  extremar 
of  the  diameter  of  the  armature,  and  the  two  negative  poles  at 
the  opposite  extremity,  each  |>air  (K}nstituting  practically  ex- 
tended pfdes  of  oppwite  character. 

Tho  coils  on  the  aimaturo  ring  are  eight  in  number,  opposite 
ones  being  comiwUxl  end  to  cud,  and  tln^  terminals  carried  out 
to  the  commutator.  Figs.  'JO  iiud  21  show  this  arrangement, 
only  one  pair  of  coils,  however,  being  shown  in  fig.  '20  as  con- 
nected.     In  order  to  place  the  commutator  in  a  convenient  posi- 
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tion,  the  terminal  wire3  ^ire  carried  ibrotigh.  the  centre  of  llie 
shaft,  to  a  pomt  oui^de  the  bearings. 

The  oommutotore  are  so  arrange  that  at  any  instant,  three 
paira  of  coils  arc  interposed  in  tlie  fircaU  of  the  mai'hine,  work- 
ing, as  it  were,  in  mtdtiple  arc,  the  remaining  pair  l>eiDg  out  oul 
at  the  neutral  poii**'  "ti**'!-  ™  »**'>  Gramme  machine,  the  nuin- 


erous  armatikre  ca 
and  connections  b* 
commutator^  two  s 
terpos&_i  in  the  citdut, 
coils  on  the  armatuwt 
The  comniutalor  cons 


ue  ted  end  to  end  thpoughnnt. 

thf  metid  strifB  composing  the 
EE  iltiple  arc  are  at  ono  time  ia- 
I    oD^tituting  one  half  of   the 

aents  of  brass,  i^ecured  to  a 


r.j.  L'o. 


nj.  Ji. 


ring  of  nonooniUicting  material,  carried  on  the  shaft  These 
segments  are  diviiUxl  into  two  tliicknesses,  the  inner  being  per- 
manontlv  secured  to  the  non-conducting  material,  and  the  oat^ 
ones,  which  tj\ke  all  the  wear,  ;u\^  fastened  to  the  inner  in  such  a 
manner  that  tliey  can  be  easily  removed  when  required. 

The  a>minntator  brushes,  which  are  composed  of  strips  of 
hard  brass,  joiutxi  toj^nher  at  their  outer  ends,  are  inexpensive 
and  easily  r^niewed  The  high  speetl  at  T^-hich  these  machines 
are  nin,  ti'yothcr  with  the  fonn  of  the  ;innature,  cause  the  rota- 
tion of  the  latter  to  W  ^^^nsiden\bIy  n.'sisteil  by  the  air,  and  pro- 
duiv  a  humming  saiMnul.  but  otherwise  they  run  smoothly; 
the  heating  of  tlio  armature  l>oiug  inconsiderable,  not  exceeding 
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^o  hundred  and  twenty  degrees  Fahrenheit  after  four  and  three 
^tiarter  houra*  run.      Thoy  arc  einiplc  in  construction^  all  the 
^^orfciug  parts  being  easily  accessible,  and  the  cost  of  maiute- 
'^*»uee  low. 

-^ig  19  repreeeuUi  the  smaller  Brush  machine,  which  is  iden- 
jl     *^**.l    in  mechanical  design  with  the  lai^cr,  except  that  in  the 
'^\'~'=*^er  there  are  two  commutators,  each  of  which  is  eoimeuted 
*-^^  alternate  armature  coilsw 


By  this  arrangement  connections  can  T>e  so  made  as  to  produce 

electric  currents  of  high   or  low  Hlwtroinntive   force  (fifty-five 

to  one  hundre<l  and  twenty  volts,  as  wdl  hereafter  be  shown),  or 

the  conductor  can  bo  divided  into  two  circuits,  each  of  which  can 

be  utilized  for  producing  its  own  light,  or  for  performing  other 

work. 

In  the  Wallace- Farmer  machine,  fig.  22,  the  magnetic  field  is 

^also  p^oducl^d  by  two  horseshoe  electro-magnets,  but  with  poles 

^of  opfMisite  character  facing  each  other.     Between  the  arms  of 

the  magnets,  and  passing  tlirough  the  uprights  supporting  them, 

ts  the  shaft,  carrying  at  its  centre  the  rotating  armature. 
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This  consists  of  a  flisk  of  cast  iron,  near  the  periphery 
which,  and  at  right  angles  to  either  face,  are  iron  cores,  woond 
with  inBiiIated  wire^  thus  constituting  a  double  series  of  ooU& 
Tliesc  armature  coils  (figs.  23  anJ  24)  being  connected  end  la 
end.  the  loops  so  formed  are  connected  in  the  same  manner,  and 
to  a  comniutator  of  the  same  construction,  as  that  of  the  Gramme: 
A?  the  armature  rotates,  the  cores  pais  between  the  opposed 
iiortli  and  south  poles  of  the  field  magnets,  and  the  current  gene- 
rated depends  on  the  change  of  polarity  of  the  cores.  It  will  be 
seen  that  this  constitutes  a  double  machine,  each  series  of  coils, 
with  its  commutator,  being  capable  of  use  quite  indc|>endenUv 
of  the  other;  but  in  practice  the  electrical  connections  arc  so 


mftde.  that  the  carreats  generated  in  the  two  series  of  amiature 
ooOs  pus  throogh  the  field  magnet  ooils,  and  are  joined  in  one 
ejctemal  cii^t  This  form  of  annatore  also  pfesmts  coosMier- 
Me  uncoTCKd  sorCaco  of  iron  to  the  oooling  e^ect  of  the  air, 
bvt  its  extenial  Jbnn,  in  its  faa-Iike  aotaoB  on  the  air,  like  thai 
of  AeBmah,  pimuiitB  considerabte  wgirtMicetD  potatioo-  In  the 
WaUaee^Fkimer  maclune  then  was  ooosidenUe  beatiiig  ol  the 
■iiwtiire,  the  temperature  being  sofficsently  h^  to  meh  sealing 
wax. 

TIm  Bra^  and  WaUaoe-Faxmer  nay^^inw  w«re  aoeompanied 
hw  Kmi^k,  oroulKm  boUefa,whidi  wcretbooghtbrtbeirmakeB 
to  pvnnt  adrutagoi^  if  not  for  all  nadunes,  at  kaat  to  b«  eqi»- 
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?^yad*pted  to  the  requirement* of  their  owa  The  usual  Serriii 
^^Pi  which  is  mado  by  M.  Breguct  for  the  Gramme  machine, 
''  not  accomjjany  the  latter.  The  result  of  expenmeut,  how- 
'^r,  ijfiickljr  established  the  suitability  of  the  Bnish  lamp  as  the 
*^iTce  of  light  for  all  the  machines,  and  the  same  lamp,  with 
•^hoQs  properly  adjusted  as  to  size,  was  used  for  the  several 


4f. 


fig.  26. 

This  lamp  h  showTi  in  figa.  25  and  26,  in  which  a  is  a  helix 
of  insulated  copper  wire,  resting  ujK)n  im  insulated  plate,  A,  up- 
held by  the  metallic  post  c  Loosely  fitted  within  the  helix  is 
the  core  d^  partially  supported  by  the  adjustable  springs  e.  The 
rod  /  passefl  freely  through  the  centre  of  the  core  rf.  and  has  at 
its  lower  end  a  clamp  for  holding  the  carbon  pencil.  A  washer, 
kt  of  broBS,  surrounds  the  rod  /  just  bolow  the  core  d,  and  has 
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one  edge  resting  on  the  lifting  finger  attached  to  the  latter,  while 
the  other  eclge  is  overhung  by  the  head  of  an  adjustable  screw 
atop,  X. 

The  metal  \iOst  c  is  supjiorted  and  guided  by  a  tubular  poet. 
i^  secured  to  a  suitable  base  plate.  Attached  to  tlie  lower  end 
of  the  post  c,  and  pa.ssing  out  through  a  slot  in  t^  is  the  aim  y, 
supporting  an  ijisulated  holder  for  the  lower  carbon. 

If,  now,  one  conducting  wire^  from  the  machine^  be  connected 
to  the  base  plate,  and  the  other  to  the  lower  carbon  holder,  the 
current  of  electricity  will  pass  up  through  the  posts  i  and  c^ 


hf 


through  the  helix  a,  rod^  and  the  carbons  k  k^  thus  completing 
the  circuit 

The  axial  magnetison  produced  in  the  helix  will  draw  up  the 
core  d,  and  it,  by  means  of  the  lifting  finger,  will  raise  one  edge 
oC  the  wasbo*  k,  which,  by  its  angular  impingement  against  the 
lod/  clamps  and  lifts  it  to  a  distanoe  controlled  by  the  adjusi- 
able  stop  x,  but  separating  the  carbcm  points  Car  enough  to 
pRMhioe  the  ligfaL 

As  the  carbons  bam  away,  the  increased  length  of  the  electric 
arc  increases  iiB  resistaDce  and  weakens  the  magnetism  of  the 
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helix,  and,  therefore,  the  coil,  rod  and  carbon  move  downward 
bv  the  iorce  of  gravity,  until,  by  the  shortening  of  the  arc,  the 
magnetiam  of  the  helix  is  strengthened  and  the  downward  move- 
ment arrested.  When,  however,  the  downward  movement  is 
sutficieiit  to  bring  the  clutch  washer  h  tit  tht;  support  Z,  it  will 
be  released  from  the  clamping  effect  of  the  lifting  finger,  and  the 
rod  y*  will  slip  through  until  arrested  by  the  uj)ward  movement 
of  iho  core,  due  to  the  increased  magnetism  of  the  hejix- 

The  normal  position  of  the  clamp  washer  is  with  the  edge 
under  the  adjustable  stop,  just  touching  the  support  g,  the  office 
of  the  core  being  to  regulate  the  slipping  of  the  rod  through  it. 
If,  however,  the  rod,  from  any  cause,  falls  too  far,  it  will  instantly 
and  automatically  be  raised  again,  as  at  firet,  and  the  carbon 
pointH  thus  continued  at  the  proper  distance  from  each  other. 

In  the  lamp  used  in  these  exi>eriinents,  the  helix  was  com- 
posed of  two  separate  insulated  wires  wound  together,  so  tliat,  by 
means  of  suitable  pin  contacts,  shown  at  the  top  of  fig.  25,  tlicy 
could  be  connected  either  in  couples  or  end  to  end,  thus  varying 
the  intensity  of  the  magnetism  of  the  lielix.  Tliis,  in  connection 
with  varying  the  weight  to  be  lifted  by  the  magnetism  of  the 
helix,  either  by  loading  the  core  or  increasing  the  iipwaixl  thrust 
of  the  springs,  enabled  ua  to  adjust  the  lamp  to  suit  the  varying 
qualities  of  the  currents  dealt  with. 

In  order  to  make  the  measurements  as  accurate  as  possiblcr  it 
was  found  nccessaiy  so  to  arrange  the  apparatus  that  no  reflected 
or  diffused  light  should  fall  on  the  photorneit^r,  and  thus  intro- 
duce an  element  of  error.  The  arrangement  of  the  apparatus  to 
aocomplish  this  is  shown  in  fig.  27.  The  electric  lamp  was  en- 
cloeed  in  a  box,  open  at  the  back  for  convenience  of  access,  but 
closed  with  a  non-reflecting  and  opaque  screen  during  the  experi- 
ment&  Projecting  from  a  bole  in  the  front  of  the  box  was  a 
wooden  tube,  A,  6"  square  inside  and  8'  long,  with  its  inner  sur- 
face blackened  to  prevent  refltwtion,  thus  allowing  only  a  small 
beam  of  direct  light  to  leave  the  box.  This  beam  of  light  passed 
into  a  similar  wootlen  tube,  c,  placed  at  a  proi>er  disUince  from 
the  first,  and  holding  in  its  further  end  the  standard  candle  rf. 
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This  tube  also  held  the  dark  box  of  a  Btmsen  photometer 
inouuted  on  a  slide,  so  as  to  be  easily  adjuiSted  at  the  proper  dis- 
tance between  the  two  sources  of  light  A  slit  m  Uie  side  of  the 
tube  enabled  the  observer  to  see  the  diaphragm.  The  outer  end 
of  the  second  tube  was  also  covered  with  a  non  reflecting  hood, 
and  the  room  was,  of  course,  darkeued  when  photometric  mea- 
surements were  taken.  The  rigid  ejcclusion  of  all  reflected  or 
diffused  light  is  believetl  to  be  the  only  tnistwoilhy  method  of 
obtaining  true  results,  and  will,  no  doubt,  account  in  a  large 
measure  for  the  lower  candle  power  obtained  by  these  experi- 
ments than  that  obtained  by  many  previous  experimenters. 

The  difficulties  encountered  in  the  measurement  of  the  light, 


Fig.  21. 

arising  from  the  difference  in  color,  were  at  first  thought  to  bo 
considerable,  but  further  practice  and  experience  enabled  the 
observer  to  overcome  them  to  such  an  extent  that  the  error  arising 
from  this  cause  is  inconsiderable,  being  greatly  less  than  that  due 
to  the  fluctuations  of  the  electric  arc. 

The  advantage  to  1k»  derived  from  u^ng  n  larger  source  of 
light  limn  tlic  standani  candle,  in  measuring  the  electric  light, 
was  considered.  A  gas  flame,  gi^-ing  twenty  candles'  light,  and 
tlie  oxyhy^lrogon  light,  so  adjusted  as  to  give  seventy  to  one 
hundred  and  thirty -six  candles,  wero  carefully  measured  and 
used  as  a  comi>arison.  Both  of  these  were  found  unsatisfactory, 
mud  tho  measurements  n^Uod  on  for  our  calculations  were  made 
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®**tii^eIv  with  a  standard  candle,  carefully  oomated  for  any 

^^^^ixittun  o£  consuioptioii  from  odc  hundred  and  twenty  gruos 

"V^'ere  much  higher  intensities  of  light  to  ho  meiwured,  it 

^^*^  V4,M  be  well  U>  U8C,  a»  a  ineaus  o(  comjxarisou,  u  large  gas 

5"*  '^  **»er  or  a  multiple  wick  lamp,  aueh  as  are  employed  in  light* 

*^^  *^».5C  servicCi  ite  power  being  constantly  i;bcckcd  by  measure- 

^*^*it«  with  tlie  sUntkrd  eamlle  and  sepunite  jihotouieter;   but, 

^^""•■tTi  ilie  volume  of  light  dealt  with  in  those  e.xjwriinfuts^  the 

^^^^-"^^Hlc  was  suffifiontly  largo,  and  its  direct  use  g!*eatly  reduced 

^*^^  chance  of  error. 

Hn  the  earlier  experiments,  measuremenla  of  light,  current 
^~v«l  jKjwer  were  inailesimultaiieously,  thus  establishing  standarrl 
'"'^^^^efenccs  by  which  after  experiments  upon  the  different  ]K>ints 
^^'^ro  connected- 

^         In  deiermiuing  the  amount  of  light  pro<lured  by  eacli  machine, 
^   was  nin  continuously  furfmni  (ourto  iivc.  hours,  and  obscrva- 
*-*ous  uuidc  at  intervals,  care  being  taken  U>  maintain  the  speed 
'Vjirl  other  conditions  normal     One  of  the  most  important  oon- 
^Xitions  necessary  to  insure  correct  results  was  the  relative  posi- 
tion of  tlie  carbon  points.      Great  care  was  taken  that  the  axes 
of  the  two  sticks  or  pencils  of  carbon  were  in  the  same  line,  so 
thai  the  light  ppfKluced  should  l»e  projerltnl  e<pially  in  all  direc- 
tions.     Were  iho  axes  of  the  earlmn  pencils  not  in  the  same 
line,  a  much  greater  quantity  of  light  would  be  projected  in 
one  direction,  and  the  result  of  calculation  of   the  light  pro- 
duced, Iwitfod  on  the  inverse  s<]uare  of   the  distance  from  the 
pboUjmeter,  would  be  too  great  or  too  small,  accordingly  as  this 
ailjiistmeiit  was  in  the  one  or  tbo  other  dinxtion. 

To  facilitate  olwervations  during  the  exjicriments,  there  was  at- 
tached at  e,  to  the  side  of  the  box  a,  holding  the  electric  lamp,  a 
focussing  lens,  witli  its  axis  at  right  angles  to  the  beam  of  light, 
to  the  photometer,  and  an  image  projected  upon  ascreen  enabling 
tbo  ohaerver  to  see  the  condition  and  position  of  the  carbon 
points  without  fatiguing  tho  eye.  Photographs  were  also  taken, 
from  fcimo  to  time,  at  the  luomeut  uf  makiug  the  photometric 
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observations — thus  securing  a  permanent  record  of  the  conditii 
of  the  carbon  points. 

Another  difficulty  in  determining  the  exact  photometric  valu^ 
of  the  electric  light  is  thy  tluotuution,  or  rather,  the  movinj^ 
from  side  to  side,  of  the  electric  arc,  and  great  care  was  taken  so 
to  adjust  the  condilitms,  thut  the  are  or  flame  should  be  ateadv, 
and  equally  distributed  about  the  ends  of  the  carbon  pencils. 

Figs.  28  to  86  are  full  size,  exact  reproductions  of  the  photo- 
graphs tjiken,  and  fairly  represent  the  average  condition  of  the 
carbon  when  observations  were  made. 

It  was  found,  that  although  there  was  a  slow  consumption  of 
the  negative  carbon,  there  was,  at  the  same  time,  a  constant 
"  etalagmatic"  growth  of  particles  carried  from  the  jMsitive  car- 
bon by  the  action  of  the  electric  current  These  stalagmites 
assumed  different  forms,  as  ehown  iu  the  cuts,  but  no  particular 
form  sep-med  to  be  pn>duced  by  the  current  from  the  diflerent 
machines,  except  tliat  the  deposits  on  the  negative  carbon  would 
become  greater  with  increased  current  These  deposits  would 
build  up  gradually  until  they  had  assumed  the  forms  shown  in 
figs.  33  and  35;  then  growing  narrower  near  the  base,  until,  by 
a  weakening  of  the  current  by  this  and  the  consumption  of  the 
up[>er  carbon,  the  lamp  would  readjust  itself,  and  the  piere 
would  drop  off.  Tlie  effect  of  these  growths  on  the  intensity 
of  the  light  was  scarcely  appreciable,  except  for  a  few  seconds 
before  and  after  the  readjustment  of  the  lamp. 

Experiments  were  also  made  to  determine  what  would  be  the 
effect  on  the  amount  of  light  produced  by  eo  adjusting  the 
carbons,  that  the  front  edge  of  the  upjier  one  was  in  line  with 
the  oenlre  of  the  lower  onct  Fig.  36  shows  such  an  adjnstment, 
and  is  from  a  phot<.^gmph  taken  while  measuring  the  light  pro* 
duccd  from  the  small  Brush  niacliine^  numing  at  twelve  liundred 
and  fifty  revolutions  per  mioutef  and  resultiag  as  foUovrs: 

Froot 1118  eudlH.  

SIAt frtS 

*    ...., 673        •* 

Back HI        •* 

5486^-4 =n  I. 


X!Tie  light  produced  by  tbe  saine  maf^binp,  under  the  same 
^^^^^^^ditions,  except  the  carbons  lieing  adjusteti   in  one  vertical 
**^*X«,     was   equal    to    that   uf    five    bundred    and    tweiity-iivo 
.TidlcB.     This   would  set-ni  to  indicate   that  nearly  sixty-six 
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He*  is. 


Fig.  29. 


Aff   M. 


Pig-  31. 
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fig.   31.  •  >H/.  33.  f\'J.  34.  fig.  35. 

per  cent  more  liffht  was  produced  by  this  adjustment  of  the 
irbons;  but  a  close  study  of  tbe  conditions  satisfies  us  that 
imb  u  not  the  case,  and  that  there  is  no  advantage  to  be  derived 

" Tbs  Toltaio  irc  sbootd  )iito  boon  fthown  In  Hg.  33  u  in  Og.  34.     All  the 
cwbou  used  w«re  eaalod  witli  oopper. 
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from  sucb  adjustment,  except  when  the  light  is  intended  to  ha 
used  in  one  direction  only. 

We  would  here  call  the  attention  of  those  who  may  compare 
our  results  with  those  obtained  at  the  recent  experiiueuts  at 
South  Foreland,  Kiiglaiid,  to  the  following  statement  u{X)n  tliia. 
point,  in  the  report  of  Hr.  Jus.  N.  Douglas,  engineer  to  thi 
Trinity  Ilouse,  page  sixte»m  of  the  official  report: 

I  have  found  this  arrangement  of  the  carlwiis  (the  axis  of 
the  bottom  carbon  nearly  in  the  same  vertical  plane  as  the  front 
of  the  top  carlKjn),  and  assuming  the  intenaty  of  the  light  with 
the  carbons  having  their  axis  in  the  same  vertical  line  to  b« 
lepreseated  by  one  htindred,  tlie  intensity  of  the  light  in  fi 


1 


Fig  36. 

'  directions  in  azimuth,  say  east,  west,  north  and  south,  will 
nearly  as  follows ; 

Eul  or  front  tateDtit;f 38T  to  IDO 

Norlli  or  side U6  to  100 

Swiihor     "    llSlolOO 

Weetorbadc 38  to  100 

SS7^=139  U>  100 
#♦•••*• 

In  measuring  the  candle  power  of  the  light  produced  by 
each  machine,  I  have  given  the  mean  intensity  obtained  in  tlie 
direction  of  the  photometer,  the  carbons  in  lamp  working  witU 
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■  toe  Solmes  and  Alliance  machines  being  always  arranf^  with 
I  "^^  &^ea  in  the  same  vertical  line,  and  tlie  cariH)n8  in  the  lauip 
I       ^^rlcing  the  Gramme  and  Siemens  machine  being  always  ar- 

'^Ug^  \rith  tiie  front  edj;e  of  Ihe  top  carbon  nearly  on  the 
^'^'^t.ra  of  the  bottom  carbon. 

■  It  is,  therefoi^  e\ndcnt  that  the  results  given  by  Mr.  Douglas 
***«Xst  be  divided  by  2*87  in  making  a  comparison  with  thoab 
*^^tjained  by  u& 

T^ns,  in  the  table  on  page  31  of  the  oflBcial  report,  in  the 
Jp^lvimn  headed  light   produced  by  horse  ]X)wer  in   standard 
^^^dlcs,  he  gives  for  the  Gnunme  machine  condensed   beam 
"^■^Ive  hundred  and  fifty -seven ;  but  if  this  be  divided  by  2'87,  wc 
na.-\-e  four  hundre<l  and  thirty-eight  candles,  which  is,  no  doubt, 
**'il.l  too  high,  our  result  of  three  hundred  and  eighty-three  can- 
oes per  horse  power  for  the  Gramme  being  obtained  under  the 
<^^*Teful  and  rigid  conditions  before  named 

In  many  liattery  circuits  a  high  external  resistance  may  be 
tmplojed^  and  the  electromotive  force  remain  comjjaratively 
constant,  while  in  dynamo-electric  machines,  in  which  the  re- 
action prineiple  is  emjiloyed,  the  introduction  of  a  very  high 
external  resistance  into  the  circnit  must  be  necessarily  attended 
by  decided  variations  in  the  electromotive  force,  due  tn  changes 
in  the  intensity  of  the  magnetic  field  in  which  the  currents  have 
their  origin.  Moreover,  a  considerable  difficulty  is  experienced 
b  the  great  variations  in  the  behavior  of  these  machines  when 
the  resistance  of  the  arcr,  or  that  of  the  external  work,  is 
changed.  Changes,  due  to  loss  of  conductivity  b\'  heating,  also 
lake  place  in  the  machine  iteeli 

The  variations  above  mentioned  are  also  attended  by  changes 
in  the  power  required  to  drive  the  machine,  and  in  the  speed  of 
nmning,  which  again  react  on  the  current  generated. 

There  are  certain  normal  conditions  in  the  running  of  dy- 
namo-electric macbmes  designed  for  light,  under  which  all 
measurements  must  be  made,  viz. : 

1.  The  circuit  must  be  closed,  since,  on  opening,  all  electrical 
manifestations  cease. 
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2.  Tho  circuit  must  be  closed  through  an  external  resistance 
equal  to  that  of  the  arc  of  the  machine. 

S.  Tlie  arc  taken  as  ilio  standard  must  be  the  normal  arc  of 
the  machincL  Tliis  comlition  can  culy  be  fulfilled  by  noticing 
the  behavior  of  the  macliine  while  running,  as  to  the  absence  of 
sparks  at  the  commutator,  the  lieatiug  of  the  machine,  the  resu- 
larity  of  action  in  tlie  consumption  of  carlions  in  tlie  lamp,  etc, 

4.  The  speed  of  the  machine  must  be,  as  nearly  as  possible, 
constant 

5.  The  power  required  to  maintain  a  given  rate  of  speed  must 
be,  as  nearly  as  jiossiblc,  constant 

The  machines  submitted  to  us  for  determinations  were,  as 
already  stated : 

1.  Two  machines  of  different  size,  and  of  somewhat  diffei-ent 
detailed  construction,  built  according  to  t!ie  invention  of  Mr.  (X 
F.  Brush,  and  styled  respectively  in  our  report  as  A^,  tlie  1ui>^ 
of  the  two  machines,  and  A',  the  smaller. 

2.  Two  maciiiiies  known  iiis  the  Wallace- Farmer  machines, 
differing  in  size,  and  in  minor  dct:iils  of  construction,  and  desig- 
nated respectively  as  B>,  the  lar-^er  of  the  two,  and  B*,  the 
smaller.  In  tho  caae  of  the  macliinL'  B',  tho  experiments  were 
discontinue(i  after  the  measurement  of  the  resistances  was  made, 
inaufiicicnt  power  being  at  our  disposal  to  maintain  the  macbmp 
at  its  prc>j>er  rate  of  speed. 

8.  A  Gramme  machine  of  the  optlinary  construction. 

All  the  above  machines  arc  constructed  so  that  the  whole  cur- 
rent tmvcrses  the  coils  of  the  field  magnets,  being  single  current 
machines,  in  wliich  the  reaction  principle  is  employed.  In  the 
case  of  the  machine  designate  A*,  tho  commutators  arc  so 
arranged  as  to  permit  the  use  of  two  separate  circuits  when 
desircfl 

For  the  purpose  of  preserving  a  ready  measure  of  the  current 
produced  by  each  machine,  under  normal  conditions,  a  shunt  was 
/Constructed  by  which  an  inc()nsiderable  but  definite  proportion  of 
the  current  was  caused  to  traverse  the  coils  of  a  galvanometer, 
thus  giving  with  each  machine  a  convenient  deflection,  which 
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^'^^^IcS  at  any  lime  bo  reproducecL     As  the  interposition  of  thia 

■^      ^^t>i  in  the  circuit  did  not  appreciablyincrea.se  its  reaistanco, 

*^    Oonnal  conditions  of  running  were  preserved. 

-^^  indicating  the  preservation  of  normal  conditions  in  any 

iy  the  8|)eed  of  running  and  the  resistances  being  the  Rame  as 

^.ny  previous  run,  it  was  found  that  when  there  was  an  equal 

^^  t^cnditure  of  power,  as  indicated  by  the  d^'uamometcr,  the  cur- 

"^"^^^t  produceil,  as  indicated  by  the  galvanometer,  was  in  each 

^^*-**«  the  same; 

Certain  of  the  machines  experimented  with  heated  coosider- 

*^^\von  a  prolonged  run;  most  of  the  tests,  therefore,  were  niaile 

^^*  Vjen  the  machines  were  as  nearly  as  possible  at  about  the  tom- 

t*«5rature  of  the  surrounding  air.     It  is  evident  that  no  othtT 

^^^^ndmrd  could  be  well  adopted,  as  under  a  pmlonged  run  the 

^^^mperature  of  the  different  parts  of  tlte  machine  would  increase 

^«ry  unequally;  and,  moreover,  it  would  be  impossible  to  make 

^jay  reliable  measurements  of  the  temperatures  of  many  such 

X>artH. 

In  measuring  the  resistance  of  the  machines,  a  Wheatatone's 
\>ndge,  with  a  sliding  contact,  was  used  in  connection  with  a  deli- 
cate galvanometer  and  a  suitable  voltaic  battery.  In  taking  the 
tesiatances  of  the  iiiacirmcs  several  niea.surement«  wore  made 
with  the  armaturia  in  different  positions,  and  the  mean  of  these 
measurements  taken  as  the  tnie  resistance. 

It  was,  of  course,  a  matter  of  the  greatest  importjincc  to  obtain 
a  value  for  the  resistance  of  the  arc  in  any  ca-se,  since  u|K)n  the 
relative  values  of  this  resistance,  and  that  of  Uie  machine,  the 
efficiency  would  in  any  given  case,  to  a  great  extent,  depend.  In 
euih  case,  the  arc  of  which  the  resiKtance  was  to  be  taken  was 
that  which  was  obtained  when  each  machine  was  giving  ita  aver- 
age results  as  to  etcadiness  of  light  and  constancy  of  the  galvan- 
ometer  deflection. 

The  method  adopted  for  the  mea.su rernent  of  the  arc  was  that 
of  substitution,  in  which  a  resistance  of  german  silver  wire  im- 
mersed in  water  was  substituted  for  the  arc,  without  altering  any 
of  the  conditions  of  running.     This  substituted  resistance  was 
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afterwards  measured  in  the  usual  way,  and  gave,  of  course, 
resistance  of  the  arc     It  could,  therefore,  when  so  desired,  serve 
a<!  n  suljstitute  for  the  arc.     No  other  method  of  obtaining  the 
arc  resistance  appcai-od  nppiicable,  since  the  constancy  of  the  re- 
sistance of  the  arc  required  the  passage  of  the  entire  curreo^H 
tJirough  the  carlxans.  ^| 

It  may  be  mentioned,  as  an  interesting  fact  in  this  connection, 
that  when  the  current  flowing  was  great,  the  arc  corresponding 
therettj  bad  a  much  lower  resistauce  than  when  the  current  was 
small  This  fact  is,  of  coui*se,  due  to  increased  vaporization, 
consequent  on  increased  temperature  in  the  arc. 

In  determining  the  true  are  resiotance,  the  re^stance  of  tiie_ 


I\g,  37. 

electric  lamp  controlling  the  arc  was  measiired  separately,  and 
deducted  fi\>m  the  result  obtained  with  the  gcrcmn  silver  wixofl 
subfitituto.  ^^ 

For  ease  of  obtaining  a  resistance  of  german  silver  wire  equal 
in  any  case  to  that  of  the  an-,  a  simple  rheostat  was  constructed, 
by  winding,  ujxjn  an  open  frame,  such  a  length  of  wire  as  w^as 
judged  to  be  in  excess  of  the  resistances  of  any  of  the  arcs  to  be 
measured.  By  means  of  a  sliding  contact,  successive  lengths  of 
the  wire  were  added,  until  the  i^nditioiis  as  above  stated  were 
reproduced.  Fig.  37  shows  the  arrangement  of  the  rheostat 
With  this  arrangement,  no  difficulty  was  experienced  in  repn^l 
ducing  the  same  conditions  of  normal  running  as  when  the  aro 
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WM  used  Tlio  same  eonducting  wires  were  used  tliroughout 
tl>»e  exjierimenU  Jkirig  of  lieavy  copper,  tlieir  resistaiioe  was 
hv,  viz:  about  -OIB  olira. 

Having  tliua  ohUiined  ibo  circuit  reaiatanoes,  wc  proceeded  to 
detenobe  tbe  value  of  the  current  }Iere  the  choice  ot  a  num- 
ber of  methods  presented  iLsclt  We  selected  two  methods,  one 
based  on  the  production  of  beat  in  a  circuit  of  known  resistance, 
ind  ihe  other  upon  the  comparison  of  a  deHnile  proportion  of 
litecumit  with  that  of  a  Uaniell's  battery. 

In  tlie  application  of  tlie  first  method,  eight  litres  of  water,  at 

a  kn<nm  temperature,  were  taken  and  placetl  in  a  suitable  nou- 

co&docting  vessel    In  tlii.<)  was  immenied  the  german  silver  wire 

lififore  mentioned,  and  the  sliding  contact  so  adjusted  as  U>  aSord 

•  resistance  equal  to  that  of  the  normal  arc  of  the  machine  under 

cojwidcration-     This  was  now  introduced  into  the  circuit  of  the 

tnachine;     All  these  ari-angemeiita  having  been  mailc,  the  tcin- 

perature  of  the  water  was  accurately  obtained,  by  a  delicate  ther- 

rnometert  reading  readily  to  quarter  degrees  FaliixMiheiL     Tlie 

wuTent  from  the  machine  running  under  normal  comlitions  was 

allowed  to  paaa,  for  a  definite  time,  through  the  calorimeter  so 

.pmvidet).     Fn^m  the  data  thus  obtained,  after  making  the  nee- 

E«SEary  corrections  as  to  the  weight  uf  the  water  employed,  the 

otal  beating  eSect  in  the  arc  and  lamp,  as  given  in  Table  IV., 

\  deduced. 

tm<^  the  heal  in  various  portions  of  an  electrical  cireuit  Is 
directly  proportional  to  the  resistance  of  those  ]>ortions,  the  total 
beat  of  tlie  circ4iit  was  easily  calculatal,  and  is  given  in  Table 
in  English  beat  units.  For  case  of  reference,  tlie  constant 
been  given  for  conversion  of  these  units  into  the  now  com- 
Qonly  accepted  units  of  heat, 

Havincr  thus  obtained  the  heating  eifect,  the  electrical  current 
is  readily  deteriuiucd  by  the  well  known  formula, 


C^i/' 


Rtc     "' 


frKere  t7=  the  vcber  current  per  ohm,  W  the  weight  of  water  iu 
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pounds,  A  the  increase  of  temperature  in  degrees  Fahrenheit,  seven 
hundred  aod  seventy-two  Joule  a  constant,  li  the  resistance  in 
ohms,  t  the  time  in  seconds,  and  c  the  constant,  "TST-SSo  the 
equivalent  in  foot  j^ounds  of  one  veher  jier  ohm  per  fiet>')n<L  The 
currents  so  deduced  for  the  diiTerent  machines  are  given  in 
Table  VX 

The  other  method  employed  for  obtaining  the  current,  viz..  the 
Cfimj^arison  of  a  definite  portion  thereof,  with  the  current  from  a 
Daaiell's  battery,  was  as  follows :  a  shunt  was  constructc<K  of  which 
one  di\'i8ion  of  the  circuit  was  12  ohm,  and  the  other  three  thou- 
sand ohms.  In  this  latter  division  of  the  circuit  was  placed  a 
low  resistance  galvanometer,  on  which  convenient  deflections 
were  obtained.  This  shunt  being  placed  in  the  circuit  of  the 
machine,  the  galvanometer  <lefleolions  were  carefully  notetL  To 
the  resistance  afforded  by  the  shunt,  such  additional  resistance 
was  added  aa  to  make  the  whole  equal  to  that  of  the  normal  arc 
of  the  machine.  These  8ub.stituled  resistances  were  immersed  in 
water,  io  oitlcr  to  maintain  an  equable  tempcratui-e. 

Tliree  DanieU's  cells  were  carefully  set  up  and  put  in  circuit 
with  the  same  galvanometer  used  above,  and  with  a  set  of  stand- 
anl  resistance  coils.  Resistances  were  implu^ed  aufHcient  to 
produce  the  same  deflections  as  those  noted  with  the  shunt  above 
mentioned.  The  shunt  ratio,  as  nearly  as  could  couveuieutly  be 
obtained,  wa^  2^y^.     Then  tlus  formula, 

s  n  X  3  -079 


C= 


R 


where  C  equals  the  veber  current,  s  the  reciprocal  of  the  shunt 
ratio,  n  the  number  of  cells  employed,  1'079  the  assumed  normal 
value  of  the  electro-motive  force  <jf  aDauiell's  cell,  and  R  the  re- 
sistances in  the  circuit  with  the  battery,  gives  at  onco  the  current 
In  comparison  with  the  total  resistances  of  the  circuit,  the  inter- 
nal resistance  of  the  battery  was  so  small  as  to  be  neglected. 
The  results  obtained  were  as  follows: 
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Tfamo  of  Xicliliift. 

Shnnt 
Kaliu. 

Numhcrof 
Cells. 

ReBlttanccfl 

8pv«<l  i}f 
llftctiiae. 

TTpV 

Troov 
Ti  n 
Twhrv 

3 
3 
3 
3 
3 

2710  ohms. 
3700      " 
9320      '• 
6980      » 
4800      " 

1340  rev. 

iaxtkU  Bruab 

1400     " 

W»lUc«-Fannor     

844     '• 
1040     " 

800     " 

The  veber  currents,  as  calculated  from  the  above  data,  are 
given  in  Table  VI 

From  the  results  thus  derived,  the  electro-motive  force  was 
deduced  by  the  general  formula, 

The  electro -motive  force  thus  calculated  will  be  found  in 
T»ble  YL 

Statements  are  frequently  made,  when  speaking  of  certain  dy- 
nimo-electric  machines,  that  ihey  are  equal  to  a  given  number 
of  Daniell's,  or  other  well  known  battery  cells.  It  is  evident, 
however,  that  no  such  comparison  can  projierly  be  made,  since 
the  electro-motive  force  of  a  dynamo- electric  machine,  in  which 
the  reaction  principle  is  employed,  changes  considerably  with 
any  change  in  the  relative  resistances  of  the  circuit  of  which  it 
forms  a  part,  while  that  of  any  good  form  of  battery,  disregard- 
ing polariaalion,  remains  approximately  constant  The  internal 
Tesistance  of  dynamo-electric  machines  is,  as  a  rule,  very  mueh 
lower  than  that  of  any  ordinary  scries  of  battery  cells,  as  gener- 
ally oonstnicted ;  and,  therefore,  to  obtain  with  a  battery,  condi- 
tions equivalent  to  those  in  a  dynamo-elwtric  nuu_;hine,  a  suffi- 
dent  number  of  cells  in  series  would  have  to  be  employed  to 
give  the  same  electro-motive  force;  while,  at  the  same  lime,  the 
size  of  the  coIIk,  or  their  number  iti  multiple  arc,  would  rc([uirft 
10  be  such  that  the  internal  resistance  should  equal  that  of  the 
machiaeL 

Suppose,  for  example,  that  it  be  desired  to  replace  the  large 
Brash  machine  by  a  battery  whose  electro-motive  force  and  in- 
ternal and   external  resistances  are  all  equal   to  that  of   the 


6ti 


oiJioaiocii*u^(X 


'iuv  9\\%  u{  Sauvdd 
«ip  JO  luao  jgj 


00 

o 
o 

CO 


■  U3 


CO 
CO 


■  CO 


M 


W 


cJ  «.S 


r-    ■-' 

in 


a 


a 


35 

CO 


i- 


CO 


ID  ^ 

u3  CD 


0&  -X)  (M 

ip   -^   r-( 

fh  lb  o 


■  33 


qp 


ep 
o 

CO 


CO  on 


<^»  -*  CO 

-t*  ir  CO 
o  bi  b 


oo 
op 


^       .2  - 

a;       ^ 

a        C 


<;    <;-< 


C3  '     " 


M      «•      M 

PQCSoq 


B 
B 
S 

O 


KFKICiBNCY   OF   DyNAMOKLKCTRIC   IL^CHUfES. 


machine,  ami  tbat  wc  adopt  as  a  ataodard  a  Danieirs  oel],  of  on 
internal  resistauoe  of,  say,  one  ohm.  Referring  to  Tabic  VL,  the 
electro-motive  forcoof  this  machine  is  about  thirly-nino  volts,  to 
(inxJuce  which  about  ihirLysevea  cells,  in  series,  would  be  re- 
qnirod ;  but,  by  Table  IV.,  tlie  i  ntemal  resistance  of  this  machine 
is  aboat  '49  ohm.  To  reduce  the  rcfiistancc  of  our  staudanl  cell 
to  this  figure,  when  thirty-seven  cells  arc  employed  in  series, 
«eventy*six  cells,  in  multiple  arc,  would  be  required.  Therefore, 
tlie  total  numbtT  of  cells  rieeeasary  to  replace  this  machine 
would  equal  thirty-seven  by  seventy-six,  or  two  thousand  eight 
hundred  and  twelve  cells,  working  over  the  same  external  resist- 
ance. It  must  be  borne  in  mind,  however,  that  although  the 
maohiue  above  mentioned  is  equal  to  two  thousand  eight  hun- 
drod  and  twelve  of  the  cells  taken,  that  no  otlier  arrangement  of 
these  cells  than  that  mentione*:!,  viz.,  seventy -six  in  multiple  arc, 
mid  thirty-seven  in  series,  could  reproduce  the  same  conditions, 
and,  moreover^  the  cjcicrual  resistances  must  l>c  the  same.  The 
same  principles,  applied  to  the  otlier  machines,  would,  when  the 
internal  resistance  was  great,  require  a  large  number  of  celK  but 
arranged  in  such  a  way  as  \o  be  extremely  wasteful,  frotu  by  far 
llie  greater  portion  uf  the  work  being  done  in  overcoming  tlie 
resistance  of  the  battery  itself. 

Tlio  U-ue  cj:«ni>arativc  measure  of  the  efficiency  of  dynamo- 
electric  machines  as  means  for  convening  motive  power  into 
work  derived  from  electrical  currents,  whether  as  light,  heat  or 
chemieal  dc'couipttsiuon,  is  found  bv  comparing  the  units  of  work 
consmued  with  tlie  equivalent  units  of  work  appearing  in  the 
circuit  external  to  the  machine.  In  Table  VIL,  the  comparative 
data  ore  given.  In  the  first  column  the  dynamometer  reading 
gives  the  total  power  consumed ;  from  which  are  to  he  deducted 
the  figures  tfiven  in  the  second  column,  being  the  work  expended 
in  friction,  and  in  overcoming  the  resistance  of  tlic  air ;  although, 
of  ooursG,  it  must  be  borne  in  mind,  that  that  machine  is  the 
most  cconomiral  in  which,  other  things  being  equal,  the  resist- 
ance of  the  air  and  the  friction  are  the  least  The  third  column 
gives  the  total  power  expended  in  producing  electrical  eSects,  a 
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portion  onlj  of  which,  however,  appe&rs  in  the  effective  circuity 
the  remainder  being  variously  consumed  in  the  production  o£ 
local  circuits  in   the  different  masses  of  metal  composing  the 
machine&     This  w<H-k  eventually  appears  as  hoat  in  the  machine 
Columns  four,  five  and  six  give  respectively  the  relative  amounts 
of  power  varioxisly  flpjjciiring  as  heat  in  the  an^,  in  the  entire 
circQit,  and  as  heat  due  to  local  circuits  in  the  conducting  masses 
of  metal  in  the  mocbine,  irrespective  of  the  wire.     Tliis  latter 
oonsmnption  of  forve  mar  be  conveniently  described  as  due  to, 
the  heat  action  of  the  machine,  and  is  monifea^tlv  uompamble  1 
the  weQ  known  local  action  of  Uie  voltaic  battery,  since  in 
case  it  not  only  acts  to  diminish  the  effective  current  pixxlc 
but  also  adds  to  the  cost 

We  desre  to  call  attention  to  the  fact,  that  in  all  the  detenni- 
nations  conducted  by  us.  we  have  been  particolariy  careful  to 
insure  a  definite  relation  between  the  external  and  internal  re- 
sistances in  each  case — a  condition  of  paramount  importance  in 
the  effective  working  of  these  irachines.  It  is  eridcat,  indeed, 
that  no  determinations  made  with  an  unknown  <x  abnormal  ex- 
terna] resistance  can  be  of  any  valoe,  since  tbe  proportion  of  woi^H 
done^  in  the  sevend  portions  of  an  dedrical  cireoit,  depends  upott^ 
and  Taries  with,  the  resistances  tbey  offer  to  its  passage.  I^ 
tfaenfcve^  in  e^iarate  determinations  with  any  particular  machine, 
the  TBsistanoe  of  that  part  of  a  circuit  of  which  the  work  is  meas- 
Qied  be,  in  one  instance  large,  tn  proportioo  to  that  of  the  re- 
xoainder  of  tbe  circuit,  and  in  arkother  small,  the  two  measure* 
mcnts  thus  made  woold  give  widely  difiDereut  results,  since  in  the 
case  where  a  Urge  reastanoe  was  mteiposed  in  this  part  of  the 
cirrait,  the  penxntage  of  the  total  woak  appearing  there  would 
ba  nieaUur  than  if  the  stnall  rmi^taiM'w  had  been  osed. 

Wlien  an  atMnpC  has  been  made  to  detenmne  the  efficieooy 
of  a  sii^le  machine,  or  of  the  relatiTe  effiaenry  of  a  number  of 
tn^Kl^MMi^  by  noting  lh«  qxaatityoC  g»  erolved  in  a  voltameter, 
or  by  the  elootrolysft  of  «op|»«r  an^EAato  in  a  deoampoong  cell, 
vben  tJM  TWJBtanno  of  the  vohameter  or  deooaipoaing  cell  did 
not  represent  tlM  aonnal  working  miintmee^  it  b  manifest  that 
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the  results  cannot  projterly  be  taken  as  a  measure  of  the  aotiml 
(£dencj. 

In  Table  TV.  it  will  be  found,  that  in  general,  where  the  machine 
used  hul  a  high  internal  resistance,  the  ara  reaifitance  normal  to 
It  was  also  high,  but  thejr  are  not  necessarily  dependent  ujKin 
each  other.  The  arc  resistance  depends  on  the  intensity  of  the 
cun^nl^  the  nature  of  the  carlwns,  and  on  their  distance  apart. 
Other  conditions  being  the  same,  the  remstance  of  the  are  is  lesa 
ifhen  tlie  current  is  great 

Since  all  the  machines  examined  were  built  for  lighting,  it 
vilinadily  be  seen  that,  other  things  being  equal,  that  machine 
ifltiiemost  economical  in  which  the  work  f]one  in  the  arc  bears 
>  cousidcrablc  proportion  to  that  done  in  the  whole  circuit,  and 
since,  irilh  any  given  ciirrent,  the  work  is  proportional  to  the  re- 
sstanoe,  we  have  in  Talile  IV.  the  data  for  comparison  in  this 
itgard.    For  example,  in  the  second  determination  of  A*,  the 
large  Brush  machine,  the  reaiatancc  of  the  arc  constitutes  con- 
sderahly  more  than  one  half  the  total  resistance  of  the  entire 
CitCuit,  while  in   B*,  the  small  Wallace-Farmer  machine,  it  con- 
stitutes somewhat  more  than  one  third  the  total   resistance. 
These  relative  resistances  ^ve.  of  course,  only  the  proportion  of 
tile  current  generated,  which  is  utilised  in  the  arc  as  light  and 
iieat,  the  conditions  of  power  consumed  to  produce  the  current 
iwtWmg  there  expressetl. 

During  any  continued  run,  the  heating  of  the  wire  of  the 
nuchine,  either  directly  by  the  current,  or  indirectly  from  con- 
dootion  from  those  parts  of  the  machine  heated  by  local  action, 
u  explained  in  a  fonncr  jmrt  of  this  rejwrt,  produces  an  increased 
I  ral<itAnce,  and  ji  consequent  falling  off  in  the  effective  current 
HlTbus,  in  Table  TV.,  at  the  temperature  of  73'o"  Fahr.,  A\  the 
^BUge  Brush  machine,  had  a  resistance  of  -485  ohm,  while  at 
^■eighty -eight  degrees  Fahrenheit,  at  the  annature  cxjih,  it  was 
^B495  ohm.  These  differences  were  still  more  marked  in  the  case 
"of  B^ 

Tn  A*,  the  small  Brush  machine,  it  will  be  noticed  that  two 
s^parme  values  are  given    for  the   resistance  of  die  machine. 
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These  correspond  to  diOerent  connections,  viz.,  the  resistance, 
1*239  ohms,  being  the  connection  at  the  commutator  for  low  re- 
sistance, the  doulile  conducting  wires  being  coupled  in  multiple 
arc,  while  oOi4  ohms  represent  the  resistance  when  the  sections 
ot  tlie  double  cwnductor  are  (^upled  at  the  commutator  in  series. 

Referring  to  Tahle  V.,  the  numbers  gi%*en  in  the  column 
headed  "  Heat  m  arc  and  lamp,"  are  the  measure  of  the  total 
heating  power  in  that  portion  of  the  circuit  external  to  the 
machine.  They  do  not,  however,  in  the  case  of  any  machine, 
represent  the  energy  which  is  available  for  the  production  of 
[tght,  which  depends  also  on  the  nature  and  the  amount  uf  the 
resistance  over  which  it  is  exjwndeA  For  example,  the  heat  in 
arc  and  lamp  are  practically  the  same  in  each  of  the  Brush 
machines,  if  tlie  measurement  of  the  smaller  of  these  machines 
be  taken  at  the  higher  s{»eed.  The  amount  of  light  produced, 
however,  is  not  the  same  in  these  two  ini^tances,  being  consider- 
ably greater  in  the  case  of  tlie  larg<?r  machme.  The  explanation 
of  lliis  apparent  anomaly  is  undoubtedly  to  be  found  in  the  dif- 
ferent resistances  of  the  arcs  in  the  two  easesi  In  the  large 
Brush  machine  the  carbons  arc  nearer  together  than  when  the 
small  machine  is  used.  This  suggests  the  very  plausible  exphi- 
nation,  that  the  cause  of  the  difTereuce  is  to  be  attributed  to  the 
f:tct,  tluit^  although  the  total  heating  effect  is  eqnal  in  each  case^ 
when  the  large  machine  is  used,  the  heat  produced  is  evolved  in 
a  smaller  sjwoe.,  and  its  leinpentture,  and  consequent  light  giving 
power,  thereby  largely  increased.  ^H 

It  would  seem,  indeed,  that  any  future  impiOTements  made  in 
the  dirootioa  of  obtaining  an  increased  intensity  of  light  from 
a  given  current,  will  be  by  concentrating  the  resistance  normal 
to  the  an*  in  the  mt^sl  liniiu^i  sjvirc  practicable,  thereby  increas- 
ing the  intensity  of  the  heat,  and,  consequently,  its  attendant  light 

It  may  \ye  noted,  in  this  connection,  that  in  all  the  cases  in 
whioh  the  rt-sistance  of  the  arc  was  low,  the  photometric  inten- 
sity was  higk  Tliis,  indeed,  might  naturally  be  expected,  since 
a  great  intensity  of  heat  would,  under  existing  cocwlitions  of  the 
use  of  the  arc,  admit  of  increased  vaporixation,  and  consequent 
lowering  of  the  roaistanoa 
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In  the  column  headed  "Total  heat  of  circuit,"  are  given  the 
quiQbticB  of  heat  developed  in  the  whole  circuit,  which  num- 
bers, compared  with  those  in  the  preceding  column,  furnish  xis 
with  the  relative  proportions  of  the  work  of  the  ciivuit,  which 
sppear  in  the  arc  and  lamp. 

The  column  headed  "Heat  per  ohm  per  second,"  ^vea  the 
relative  work  per  ohm  of  resistance  in  each  case,  and  these  num- 
liera,  multiplied  bv  the  total  resistance,  give  the  total  energy  of 
the  current  cxpresswl  in  heat  unite  per  second. 

In  Table  VL  arc  given  the  results  of  calculation  and  measure- 
nicDt,  OS  to  the  electric  work  of  each  machine.  It  is  evident,  to 
tlioM  acquainted  with  the  principles -of  electrical  science,  that  in 
the  vebcr  current  and  the  electro- motive  force,  we  Iiave  the  data 
i'or  comparing  the  work  of  tliesc  machines  with  that  of  any  other 
wachine  rir  battery,  whether  used  for  light,  heat,  electrolysis,  or 
iDV  other  form  of  electrical  work. 

As  might  be  supposed,  the  values  given  in  Table  YI.,  of  the 
vcber  current,  approximate  relatively  lo  tbe  photometric  values, 
u  will  be  seen  from  an  oxaminatioa  of  that  part  of  the  general 
report  of  the  commitleo  relating  to  photometric  mca-surements. 

The  values  of  the  veber  current,  as  deduced  from  the  heat 
developed,  and  from  the  comparison  with  a  Baniell's  cell,  do  not 
exactly  agree;  nor  could  this  have  been  expected,  when  the 
difficulty  of  minutely  reproducing  the  conditions  as  to  speed, 
resifftance^  etc,  is  considered. 

By  comparison  of  tlic  electro-motive  force  of  the  different 
machines,  it  appears  tlmt  no  definite  unit  seems  to  li.ivn  l>cen 
aimed  at  by  all  the  makers  as  that  best  adapted  to  the  produc- 
tion of  light. 

Tabic  VII,  is  dcsignwl  especially  to  permit  a  legitimate  com- 
parison of  the  relative  efficiency  of  the  machines,  as  well  as  their 
actual  efficiency  in  converting  motive  power  into  current*  The 
actual  dvnamomcter  reading  for  which  we  are  indebted  to  the 
subcommittee  on  the  mcasnmmonLs  of  power,  is  given  in  the 
fint  colxunn.  On  account  of  differences  of  construction,  and 
differences  in  speed  of  running,  the  friction  and  resistance  of  the 
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to"  vary  greatly,  being  least  with  the  Gramme,  as  might  be  ex- 
pected, since  the  form  of  the  revolving  armature,  and  the  speed 
^  the  inachirio,  couduce  to  tbia  result  Thia  is,  of  courae,  a 
point  greatly  in  favor  of  the  Gramme  machine. 

That  portion  of  the  power  expended  available  for  producing 
''mTent  is  given  iu  llic  third  column,  being  the  remainder,  after 
''oclucting  the  friction,  as  before  mentioned ;  but  this  power  is 
"•^t  in  any  case  fnlly  utilized  in  the  normal  circuit     This  i^ 
"^'iud  to  be   the  case  by  comparing  calculations  of  the  total 
•"Ork  of  the  circuit  in  foot  pounds,  as  given  in  iho  appropriate 
^'^^lumn.  with  the  amount  expended  in  pmducing  such  cuiTcnt 
Tor  instance,  in  the  case  of  A',  the  large  Brush  machine,  liic 
^•'^ailablo  force  for  producing  current  is  89666  f-  p.  per  minute, 
^^    which  only  53646  reappear  jus  heat  in  the  circuit     The  hal- 
**^*^cc  is  most  pn>l>ab]y  expended  in  what  we  have  terme<^l  iocal  ac- 
^an,  that  iA,  the  production  of  local  currents  in  the  various  <x>n- 
^  Victiug  masses  of  metal  composing  the  machine.     The  amount 
j^^us  ex})ended  in  local  action  is  given  in  the  oolumn  designated 
F.  p.  unacoounted  for  in  the  circuit"    A  comparison  of   the 
pares   in  this  column  is  dccidc-dly  in  favor  of  the  Gramme 
Knacbine>  it  requiring  the  smallest  projiortion  of  power  expended, 
be  lost  in  local  action.     When,  however,  we  consider  that  the 
current  produced  by  the  large  Brush  machine  is  nearly  double 
that  pnjduced  by  the  Gramme,  the  disproiwrtion  in  the  hwal  ac- 
tion is  not  so  great     The  columns  containing  the  pei-centages 
of  ''Power  utilized  in  the  arc,"  and  "Useful  effects  after  de- 
ducting friction,"  need  no  special  comment 

The  detennination  which  we  have  made,  iis  described  in  the 
foregoing  part  of  thU  report,  have  enabled  us  to  form  the  follow- 
in(;  opinions  as  to  the  comparative  merits  of  the  machines  sub- 
mitted to  us  for  examination  : 

1.  The  Giumme  machine  is  the  most  ©conomical,  considered 
u  a  mrtins  for  converting  motive  power  into  electrical  cur- 
rent^  giving  in  the  arc  a  useful  result  etjual  to  thirty-eight  per 
cent,  or  to  forty-one  per  cent  after  deducting  friction  and  the 
resistance  of  the  air.  Id  this  machine  the  loss  of  power  in  friction 
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and  local  jiction  is  the  least  the  speed  \te\T\g  com  para  tivclv  Ic 
If  the  resistance  of  the  arc  is  kept  normal,  very  little  heating 
of  the  machine  results,  and  there  is  an  almost  e-nt^re  absence  of 
sparlcK  at  thi!  cominutator.  ^m 

2.  The  lar^c  Brush  machine  comes  next  in  order  of  effieieocylH 
giving  in  the  arc  a  useful  effect  equal  to  thirty-one  per  cent  of 
the  total  power  uned,  ur  thirty-seven  ami  one  half  per  cent  after 
deducting  friction.  This  machiao  is,  in<iee<l,  but  little  inferlorin 
this  respect  to  the  Gramme,  having,  however,  the  disadvantages  of 
high  speed  and  a  greater  proportionate  loss  of  power  in  friction, 
etc.  This  loss  is  nearly  c^mpcnsatetl  by  the  advantoge  this 
machine  possesaeaover  the  others,  of  working  with  a  high  external, 
compared  with  the  internal  resistance,  thus  also  insuring  compara- 
tive absence  of  heating  in  the  machine.  This  machine  gave  the 
most  powerful  current,  and  consequently  the  greatest  light 

S,  Tlie  small  Brush  machine  stands  third  in  efficiency,  giving 
in  the  arc  a  useful  result  equal  to  twenty-seven  per  cent,  or 
thirty-one  per  cent  after  deducting  friction.  AlthongU  some- 
what inferior  to  the  Gramme,  it  is,  nevertheless,  a  machine  admir- 
ably adapted  tu  the  production  of  intense  currents,  and  has  the 
advantage  of  l)eing  made  to  furnish  currents  of  widely  vaiying 
electro- motive  force.  By  suitably  connecting  the  machine,  as  be- 
fore descril)od,  the  electro- motive  force  may  be  increased  to  over 
one  hundred  and  twenty  volts.  It  passesses,  moreover,  the  ad- 
vantage of  division  of  the  conductor  into  two  circuits,  a  feature 
which,  however,  is  also  possessed  by  some  forms  of  other 
machines.  The  simplicity  and  ease  of  re[)air  of  the  commutator 
are  also  advantages.     Again,  this  machine  does  not  heat  greatly. 

4.  The  Wallace- Fanner  machine  docs  not  return  to  the  effect- 
ive circuit  as  large  a  proportion  of  power  as  the  other  machines, 
although  it  uses,  in  electrical  work,  a  \st^  amount  of  power  in 
a  small  space.  The  cause  of  its  small  economy  is  the  exjjendi- 
ture  of  a  large  proportion  of  the  power  in  the  production  of  local 
action.  By  remedying  this  defect,  a  very  admirable  machine 
would  lie  produced. 

Within  a  short  time  past  a  new  dynamo  machine,  invented 
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.  Hiram  Maxim,  of  this  city,  has  been  brought  out,  and  is 
now  being  intmduced  bj  the  Unitetl  Suites  Electric  Lighting 
Ooapany.  This  machine  requirea  one  and  a  half  horse  power 
to  (iHve  it  It  wcic^hs  three  huudroci  pounds,  and  produces  a 
light  of  from  1,200  to  2,000  sperm  candles,  acconling  to  speed. 
Tia  magnets  are  similar  in  form  to  thowe  ust«:l  by  Dr.  Siemens, 
of  LoDdon,  but  the  armature,  or  revolving  purtton^  is  a  nev 
design,  which  is  said  to  be  tree  from  many  objections  common 
to  other  machines.  The  only  point  where  any  considerable 
veftT  takes  place  on  these  machine.^  is  in  the  commutator,  in 
vliich  a  stationary  copper  brush  takes  the  curreut  from  the 
evolving  part. 

Insome  machines  this  jiortion  has  been  built  into  the  machine, 
so  that  whai  it  is  worn  the  whole  machine  would  i-equire  re- 
btiilding  in  case  of  repair.  Mr.  Maxim  has  constructed  his 
nuchine  bo  that  the  removal  of  a  nut  loosens  the  parts  subject 
to  vear,  so  that  they  may  be  replaced  in  a  few  minutes,  and  at  a 
thSiog  cost. 

Mr.  Maxim  has  also  produced  a  new  lamp,  which  is  shown  in 
tiie  Moompanying  figures.  Kig.  88  repreifenls  a  vertical  section, 
fig.  89.  a  perspective  view  of  the  same,  and  fig.  40.  a  detail 
A  is  the  positive  carbon  holder  and  6  the  negative.  Xbe  opera- 
tioQ  of  this  lamp  is  as  follows : 

The  n^ative  carbon,  which  may  ho  six  inches  long,  being 
MCored  in  the  lower  holder  B,  the  top  holder  may  be  drawn  up, 
u  tHe  pinion  tlmt  gears  into  its  rack  is  free  to  turn  in  that 
dinctioD  without  driving  the  train  of  gears.  A  carbon  eleven 
indiea  long  may  now  be  inserted  in  the  top  holder,  and  its  point 
"iiRMghi  in  line  with  the  lower  carbon  by  moving  the  lever  on 
the  back  of  tbo  carrier. 

The  wirfis  being  connected  to  tho  binding  post  (one  on  each 
sdeof  the  lamp),  the  thumb  nut  G,  being  turned,  will  allow 
the  freight  of  the  positive  carrier  to  rotate  the  train  of  gearing, 
wid  by  winding  up  a  cord,  to  draw  the  negative  upwaid  until 
die  oombined  movement  of  both  causes  the  pointa  of  the  two 
carbons  to  meet     Tbis  will  establish  an  electrical  contact,  the 
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current  will  at  once  ct^mmencc  to  pass,  and  the  electro  inagaet  in 
the  bottom  of  the  lamp  will  become  excited  and  draw  down- 
ward the  two  armatures,  one  of  which  draws  down  one  end  of 
the  ooni  that  supports  the  negative  carbon,  and  the  other  locks 
the  gearing.  The  sejiaration  of  the  carbons  by  this  downward 
movement  of  the  negative  establishes  the  voltaic  arc,  when  the 
light  comes  out  in  all  its  splendor.  As  the  carbons  waste  away 
the  are  becomes  longer,  aiul  the  resistance  to  the  passing  coirent 
becomes  greater,  its  power  to  excite  the  electro  magnet  oorre- 
spondingly  decreasing.  The  armature  E  is  drawn  away  from 
the  magnet  by  a  retractile  spring,  the  tension  of  which  is  ad- 
justed by  thumb  screw  D.  When  the  magnetism  is  so  much 
redaocd  that  the  pull  of  the  spring  is  groaticr  than  the  pall  of 
the  magnet,  the  spring  will  force  the  anoatoree  upward  and  re- 
move the  detent  from  the  ratchet  wheel  F,  thus  allowing  the 
tnun  of  gears  to  move  so  that  the  carboos  slowly  approach 
mch  other,  until  a  p<^nt  is  reached  where  the  arc  is  shoateoed 
sufficiently  lo  «gain  l>ring  the  magnet  up  to  its  original  strength, 
when  it  will  «gain  pull  down  the  anoatore  and  lock  the  gearing. 
A  loo  rapid  movement  of  the  ports  is  prevented  by  a  small  fian, 
shown  in  tig.  40.  VTben  the  earijons  are  drawn  i^art  to  a  con- 
aidenblie  dislaaoe  and  then  allowed  to  approach,  this  fan  will 
lerolve  with  great  spe«d,  and  its  wings  wiH  be  spread  by  cen- 
Iriftigal  aobou  to  their  fulleet  exlcfit;  but  when  the  carbons 
touch,  And  the  eJoctrical  current  is  cstabKsbed,  its  speed  is  much 
reduced^  as  the  Urger  annatQR  C  is  drawn  down,  and  it  remains 
in  that  position  while  the  circuit  is  oomplele.  The  anaatare 
has  an  attachment  which  is  htonght  within  the  field  of  the  ex* 
landed  winga^  btit  it  cannol  raaeh  than  when  thej  an  doeed. 
TW  luk,  vhea  eogagrd  by  the  aitorhawnt,  cm  i«ralv«  011I5 
^pmnet  turn  at  a  time  and  at  a  reir  8k»v  apced. 

Wh«B  the  raaobet  F,  on  the  fiua  shaft,  is  mlorinrd.  it  < 
voire  nqpidly  onl j  whea  the  iwimit  is  brotooB*  sad  when 
rJsiwrd  to  fted  lb«  oathow  to  aa  alraadr  ii'laHi^il  arc,  it  can 
««lrt«ni  «i  «  apeed  »  Mwh  twm  thai  the  ■dfsiww—anirioo 
«f  dM  csobott.    Sho«M  the  am  he  hrakoi,  or  the  fi^  be 
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UbD^iishetl,  from  a  high  wind  or  other  cause,  the  large  arma- 
(we  C  will  be  liberated,  imd  by  bringing  the  lower  carbon 
J^gaijifittbe  upper  carbon,  it  reestablishes  the  arc  instantly.  A 
too  rapid  movement  is  prevented  by  u  wmtroUing  chamber  or 
^^&h  pot  in  the  bottom  of  the  lamp.  All  the  comparatively 
neavy  work  of  aepamting  the  carlwns  and  reestablishing  the 
current  is  done  by  the  armature  C.  wyiile  the  smaller  armature 
^  tiasonly  to  lock  and  unlock  the  train  of  gearing. 

-As  the  distance  to  be  travelled  is  very  tlight,  and  the  work  to 
"^  done  so  light,  but  very  little  change  in  the  electro- motive 
'Ck^'ce  of  the  current  is  required  to  stop  or  start  tlic  feeding  of 
'**«carbons.  The  tension  of  tlio  spring  that  opposes  the  mag- 
^tism  can  be  adjusted  from  the  outside  of  the  case  to  balance 
"^  pressure  against  a  current  of  any  strength.  Where  great 
*^icety  and  steadiness  are  required,  this  lamp  seems  well  adapted 
meet  all  requirement.-^  It  is  small  and  compact,  and  appeaj:3 
very  Hubstantial  and  beautiful  piece  of  mechanism. 
Fig.  41  is  a  side  elevation  of  a  less  expensive  kind  of  lamp, 
Revised  by  the  same  inventor.  In  this  lamp  both  carbon  holdera 
Ure  supported  by  a  cord.  As  the  upper  or  positive  holder  de- 
scends It  draws  the  cord  over  a  pulley  and  raises  the  negative  juat 
one  half  the  distance  travclle<i  by  the  |»ositivc.  When  the  wires 
are  properly  counected  and  the  carbons  are  in  position,  the  top 
holder  may  be  allowed  to  run  down  until  the  two  carbons  meet 
This  establishes  the  circuit  and  excites  the  axial  magnet  in  the 
bottom  of  the  case,  when  the  core  is  drawn  into  tlie  liclix,  and 
the  two  carbons,  through  the  medium  of  levers,  are  drawn  apart 
Bntil  the  magnetism  and  tension  of  the  spring  balance  each 
other:  and  as  the  carbon  is  burned  away  the  arc  is  lengthened, 
the  magnetism  reduced,  when  the  core  is  drawn  out  of  the  spool. 
thus  fee<ling  the  carlxms  together  as  they  are  consumed  until  the 
parts  have  reached  a  position  where  the  ratchet  on  the  lower 
lever  ih  bt^vond  the  reach  of  the  pawl ;  then  the  core  descends  and 
the  ratchet  revolves,  when  the  carbons  take  a  new  position,  and 
the  feeding  goes  on  as  before.  The  ratchet  wheel  is  prevented 
from  turniug  more  tlxan  one  tooth  at  a  time  by  a  spring  at  the 


THE   ELECTRiC   LIOHT. 


end  of  the  lower  lever.     The  pull  of  the  rack  is  opposed  to  the^ 
spring,  and  when  the  pull  is  nxlucod  hy  the  disengagement  of  ii 
ratchet  tooth  the  lever,  and  with  it  the  ratchet,  are  forced  dowi^f 
ward,  and  the  succeeding  tooth  is  caught  on  the  pawL     The  core 
on  which  the  maguetism  operates  is  counectcd  with  the  rack  bv_ 


J-fi.  1 1. 


pomponnd  levers,  so  tlmt  hy  changing  the  position  of  the  con* 
nectiug  link  the  leverage  can  V)c  ivadily  adjusted.  ^_ 

Adjustments  may  also  be  made  with  the  thumb  nut  on  th4| 
top  of  the  case,  whirh  is  attached  to  a  retractile  spring.     While 
this  lamp  is  not  so  susceptible  of  a  very  fine  adjustment,  still,  fcwj 
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some  purposes,  it  is  better  than  the  more  expensive  one  just  de* 
scribed.  In  places  where  tlie  speed  of  the  dynajrio  machine 
^iriesmuch,  or  where  the  macliine  is  of  poor  quality,  it  is  better 
than  the  r^ular  clock  work  lamp. 

A  new  lamp,  which  is  quite  different  fntni  anytliing  before 
inade^  is  shown  in  fig.  42.      This  himp  is  in  two  parts,  connected 
ty  vertical  lubes.     The  upper  portion  has  a  device  for  feeding 
Ac  carbons,  and  the  lower  portion  contains  a  dtvice  for  separa- 
iQlgthenL     The  focus  or  source  of  light  is  always  at  the  same 
pUoe^  as  the  two  carbons  feed  exactly  in  proportion  to  the  ra- 
pidity with  wliicii  they  are  consumed.     This  lauip  will  aconn- 
"lodate  itself  to  widely  varying  currents.     Should  a  slackening 
of  the  speed  allow  the  carbons  to  come  completely  together,  they 
^■ould  at  once  draw  apart  on  the  increase  of  speedy  and  they  will 
do  this  any  number  of  times  in  succession  ;  or  the  current  may 
^  broken  and  cstablishwl  anv  number  of  times  without  dis- 
**i*ngemeat  of  the  parts.     This  feeding  has  positive  movement, 
-  *Hd  ia  80  nicely  balance<l  that  a  very  slight  change  in  the  length 
p*^  the  arc  allows  the  carboas  to  feed,  and  should  the  current  be 
***Xilc€n,  the  lower  carbon,  by  a  very  rapid  movement,  re^tablishes 
^'  ^fore  the  heat  of  the  carbons  ia  poKtejitihly  diminished,  and 
^^fore  the  magnetism  of  the  machine  is  discharged. 

Ilie  light  frotn  the  naked  carbou  points  is  dazzling  to  the 
-yes,  and  citHts  i-ery  distinct  shadows.  The  light  is  of  wonder- 
ful intensity.  To  liiffuso  the  light  without  reducing  it  very 
**itH;h,  and  to  make  the  small  point  appear  as  large  as  possible, 
^Te  been  the  aim  of  the  inventor  in  constructing  this  lamp. 
Above  the  focus  is  a  .silvered  reilwjtor,  of  >;uital>le  sha]>c  to  throw 
^be  beams  that  would  Ik;  w.isted  abox'o  in  a  horizontal  or  down- 
^rd  direction,  and  from  this  reflector  two  rows  of  prisms  are- 
Hiispcnded.  One  half  of  the  prisms  arc  arranged  with  their  flat 
^e  to  the  light,  and  the  other  half  have  their  angular  side 
toward  the  light  Below  the  focus  is  a  lx>wl  shnj^d  glass, 
having  a  zone  ground  just  wide  enough  to  be  always  between 
the  eye  of  a  near  observer  and  the  luminous  arc  The  {v>itit 
from  which  the  light  is  emitted  appears  from  a  distince  diamond 
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fliap«<I  and  quite  large.  Thus  nfiotlificd.  tlie  light  can  be  looked 
itwilh  perfect  ease,  wliile  itd  brilliancy  iloea  not  seom  to  be  at 
all  impaired,  the  ground  glass  jwrtion  of  ilie  globe  only  being 
between  the  eye  and  the  luminous  point  The  prisma  and  glass 
bowl  enclose  the  light  and  protect  it  from  the  wind.  Tlie  bowl 
is  »ii5pend©d  by  two  cords  that  pass  over  pulleys  and  are  al- 
lachcd  to  the  reflector.  By  pulling  the  bowl  downward  the  re- 
flector is  raised  op,  thus  opening  a  space  through  which  the  car- 
bons tuay  be  viewed-  A  pair  of  carbons  |x|  inch  in  these 
lampa  last  about  three  hours,  and  afford  a  very  steady  light 
Carbons  ^  x  1^  inch  last  about  ten  hours. 

Electric  light  may  be  utilized  in  two  ways — either  by  powor- 

fal  foc'i  illuminating  at  great  distances,  or  by  less  intense  foci, 

giving  a  more  diffused  light,  suitable  for  all  kinds  of  night  work ; 

(hua  including  lighthouse  service,  fortifications,  maritime  service, 

®*OPea,  armies  in  action ;    and  for  mjinufact^iries,  show  rooms, 

°pen  air  use,  laige  workshops,  railroad  depots  and  yards,  wharf 

^ork,  steamboats,  minus,  theatres,  large   halls,  reading  rooms, 

streets,  squares,  and  many  other   places.     For   these  purposes 

electric  light  is  superior  to  all  others  and  much  cheaper.     Me- 

"^nanical  workshops  have  been  among  the  firet  to  make  use  of 

"'be  electric  light,  also  dyers  and  sugar  refiners,  whu  need  a  \ery 

pure  and  white  light,  and  spinning   mills  and  foundries  have 

adopted  it. 

In  the  matter  of  street  illumination  by  electricity  Paris 
*^riginallj  took  the  lead  of  the  worhi,  though  she  has  since  been 
^rpttascd  by  many  other  cities  both  in  the  United  States  and 
Europe.  The  early  development  of  the  Paris  system,  however, 
I  gave  it  a  degree  of  importance  which  has  not  been  equalled  else- 
vhere,  and  we  therefore  present  the  following  intert^sting  de- 
scription of  it,  written  by  Frank  L.  Pope,  Esq.,  on  the  occasion 
of  his  visit  to  the  Parts  Rxliibition,  in  1878. 

There  are  at   the  present  time  some  three  hundred  electric 
lamps  nightly  in  successful  ojjeration,  illuminating  the  boule- 
vards, gardens  and  public  buildings  of  Paris,  and  arrangements 
'  for  lighting  all  the  principal  boulevards  and  places  are  now  in 
progress. 
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Tho  magncto-olectric  apparatus  employed  is  a  Gramme  nta- 
chine,  arranged  for  producing  alternating  currents,  the  field  of 
force  \)emg  fed  by  a  smaller  machine  of  the  continuous  current 
variety.  The  candio  employed  is  tho  double  carbon  construction 
of  JablocbkoflL  Owing  to  the  peculiar  arrangement  of  this  allcr- 
njiting  machine,  it  is  possible  to  divide  the  currcat  so  as  to  fur- 
nish sufficient  electricity  to  sixteen,  or  more,  separate  candles. 
That  this  system,  in  a  scientific  and  practical  [wint  of  view,  is 
literally  a  brilliant  success  is  sufficiently  evideul  to  any  one 
who  has  carefully  watched  ite  operation,  night  after  night,  in 
the  streets  and  public  places  of  J'aris.  The  quality  of  the 
light  is  pure,  soft  and  white,  the  genci-.il  effect  being  not  un- 
like that  of  an  unusually  powerful  moonlight,  but  differs  from 
the  latter  in  the  absence  of  the  heavy,  blat^k  shadows.  These 
are  avoided,  partly  by  placing  the  candles  within  globes  of  opal 
glass,  and  jKirtly  by  phicing  tho  lamps  at  a  considerable  eleva- 
tion above  the  gniuinl,  pertiiipa  twenty  feet  or  more.  The  gas- 
lights in  the  vicinity  of  the  Place  derOpera  present  an  unusually 
red,  smoky  and  flickering  api)earance  in  contrast  with  the  abs{»- 
lute  clearness  and  steadiness  of  the  electric  light  That  the 
system  is  equally  successful  in  an  economical  point  of  view,  in 
some  of  its  apphcations  at  least,  would  seem  to  admit  of  very 
little  doubt  It  is  possibly  premature  to  assert  that  it  is  destined 
speedily  to  supersede  the  employment  of  gas  for  all  purjKises  of 
public  and  general  illumination  on  a  large  scale,  yet  it  must  be 
said  that  such  a  i-esult  seems  exceedingly  probable. 

The  construction  of  the  alternating  current  magneto  machine 
will  be  understood  by  reference  to  figs.  43  and  44.  the  former 
being  a  longitudinal  vertical  section  taken  in  the  plane  of  the 
dotted  line  A  B  C,  in  fig.  44  and  the  latter  an  end  elevation 
(purdy  ill  section)  of  the  same.  An  exterior  induction  ring 
or  armature  of  soft  iron  is  securely  bolted  to  the  frame  of  the 
machine,  and  is  wound  with  insulated  copper  wire  in  eight  sec- 
tions, each  of  which  consists  of  four  coils  or  subsections,  abed 
(ace  fig.  44).  By  reference  to  the  figure  it  will  be  seen  that  the 
wire,  although  continuous,  is  wound  in  the  reverse  direction 
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upon  each  alternate  one  of  the  eight  sectiooit.  The  inducing 
magnet  T  revolves  within  llie  induction  ring,  and  consists  of 
eight  soft  iron  cores,  K  K,  etc.,  projecting  i*adiall_v  from  a  central 
hub,  H,  which  is  fixed  upon  a  horizontal  axis,  F,  revolving  in 
bearings,  and  provided  with  a  puUej-,  which  receives  it«  motion 


•fltf.  u. 


from  a  belt  driven  by  steam  or  other  power.  Like  the  sections 
of  the  external  ring,  these  radial  cores  arc  aUematel^-  wound  with 
right  and  left  handed  coils.  The  outer  poles  of  the  cores  are 
fitted  with  enlarged  projoctlng  pole  pieces,  as  aeen  in  fig.   44.   in 
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ct^  to  increase  the  effective  area  of  tlie  magnetic  field,  by 
meus  of  which  the  electriu  eurrents  are  generuttxi.  Tlie  revolv- 
ing comjwund  radial  magnet,  when  the  machine  is  in  operation, 
is  magnetized  to  saturation  by  the  current  from  a  small  tiontinu- 
OQs  current  (Jramme  niuchln»  of  the  ordinary  well  known  type, 
wliich  if  driven  from  the  surie  inutor.  The  siiine  result  might, 
of  noursc,  Iw  produced  by  the  action  of  a  voltaic  battery  of  suf- 
ficiait  jMfwer.  This  inducing  current  is  conducted  to  the  revolv- 
ing magnet  by  means  of  brushes  of  silver  plated  copper  wire,  P, 
presaing  upon  insulated  rings  of  copper  upon  the  shaft  to  which 
the  terminals  of  the  mfignei  coila  are  connectwi.  It  will  he.  fib- 
served  tliat  by  thiii  aiTangement  the  pole  changing  commutator, 
vhicli  »  the  most  fruitful  source  of  electrical  and  moc^hanical 
difficulty  in  the  ordinaiy  magiieU:>  machines,  is  entirely  done 
uwAf  wiUi,  and  to  tliis  feature  no  doubt  the  practical  »uccess  of 
dusioaehiue  is  very  largely  due 

It  has  been  statt^  that  the  eight  sections  of  the  soft  iron 
armature  are  each  providefl  with  four  coils  or  snljsections,  a  b  c 
<^ill  vound  in  the  same  direction.  The  object  of  this  arrange 
raent  is  to  enable  a  division  of  the  current  Ui  \m  effected  hy 
amott'tuig  the  coils  in  various  ways,  the  ends  of  the  latter  being 
^wtigbt  to  terminals  or  binding  screws  on  the  outside  of  the 
TOKihinc.  By  properly  connecting  th«se  terminals,  the  current 
produced  hy  the  machine  may  l>e  dividc<l  into  four,  eight,  six- 
teen or  thirty-two  circuiis,  as  desired.  Kor  example,  if  it  is 
Kquired  to  obtain  four  curreate  for  four  different  lamps,  it  is 
only nt'cessary  to  connect  in  one  srri(^  all  the  coils  marked  ri,  for 
ibeCret,  circuit ;  all  marked  i,  for  the  second  circuit,  and  so  of 
*!*  oiJier  two. 

Tlie  principle  of  ojienuion  of  the  machine  is,  of  course,  sulti- 
"letitly  obvious.  When  the  sliafl,  with  its  nidial  nuignet,  i.>i  made 
tonnrolve-,  powerful  alternating  currents  an*  induced  in  lUe  coils 
snrrounding  the  soft  iron  ring  i>r  armature,  the  I'lectro-raotive 
fww  of  which  de{)ends  upon  llie  intensity  of  the  magnetism  in 
the  revolving  magnet  and  npon  the  rapidity  of  its  revolutions. 
There  arc  at  present  three  sizes  of  this  machine  made,  of 
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which   the  one  shown    in  the  illustration  is  the  largest     The 
weight,  capacity,  and  other  particulant  of  these  arc  shown  in  tUe^ 
following  table ;  ^M 


PunouLAKs  or  It&cam. 


Sax.  OP  MAcmxK. 


Motin  pow^r  required  (liorse  powor) 

Berobitioos  per  raifiuu 

Wei^i  at  machine  (kUogrwuDee) 

**        **    copper  wiraddlogimmiiMa) 

Number  of  J&blochkoff  oufflw  opamad 

Com  of  machitn,  iachidlw  oomU  oontimKHta  currani  maciune 

((nnoi) 


S,6«0 


The  dimensions  of  the  machine  sliown  in  the  fijjures  are  as 
follows :  Length,  including  shaft  and  pulley,  thirty-five  inches^ 
width  thirty  inches,  and  height  nearly  thi-  same.  The  extreme 
size  of  the  base  plate  is  twenty -eight  inchts  by  thirty,  and  as  the 
dnwings  are  mode  to  scale,  the  dimensions  of  any  of  the  other 
parts  of  the  machine  may  t)e  estimatei^  without  difficulty.  ^H 

It  will  I>e  seen  that  the  power  required  is  one  horse  power  fol^H 
each  electric  candle,  each  candle  being  calcubte^l  to  be  equal  to 
one  hundre<l  onlinar\-  gas  bnmers.  I  was  informe*!  lliat  the  re- 
sults of  the  operation  for  one  year,  at  the  Magazin  du  Louvre, 
showed  that  thb  estimate  id  \-ery  nearly  correct  Sevural  hun- 
dreds of  the:^  machines  have  l>cen  at  work  in  Paris  during  the 
past  year,  and  so  far  as  my  inquiries  extended,  I  oould  not  Team 
that  any  of  them  had  rei|uired  repair$  or  had  iurolred  any 
vspeaae  whatever*  except  that  of  lubrication.  ^M 

I  WBS  informed  that  M.  Grtunmo  was  at  work  on  another  and^ 
stiU  smaller  machine^  intended  losupply  two  candles  only,  which 
is  quite  differeqt  in  constrndion  from  those  whidi  have  just  been 
dcBcribcd.  and  from  which  be  expects  to  Tealiae  a  material  saving 
in  ti>e  relative  expense  Iwth  ot  first  cost  and  power  consumed  in 
ronning.  There  is  also  a  Gittouae  maohiuo  shown  in  the  Expo- 
aikm  whidk  vqgiB  four  huudrod  and  forty -one  pounds,  and  is 


to  proiluce  a  light  wjual  to  thirty  thoiiaand  candles,  the  coat 
^"wliich  is  only  about  1,500  francs.  For  practical  purposes, 
Itow^evcr,  tbis  model  is  not  considered  a  good  onc^  as  it  is  much 
more  liable  to  get  out  of  order  than  the  standard  pattern. 

The  electric  candle  of  M.  Paul  Jablochkoff,  which  is  so  ex- 
tensively employed  in  electric  lighting  in  Paris,  in  connection 
ffilh  the  magneto-electric  apparatus  of  M.  Gramme,  is  a  very 
simple  deWce;  so  simple,  indeeil,  that,  as  is  frf?(jufiully  the  case 
with  the  most  important  and  most  original  inventions,  the  first 
BCBSBtioD  upon  seeing  it  is  one  of  wonder  that  nobody  ever 
thought  of  it  before. 

Tht*  invention  consists  simply  in  placing  two  carbon  pencils 
sde  hy  side,  and  insulating  them  from  each  other  by  means  of  a 
ihJD  plate  of  some  refractory  material  inaert^id  between  them, 
which  is  a  non  conductor  at  onlinary  temperatures,  but  which 
booomcs  a  conductor  when  ftised  by  the  action  of  a  powerful 
currenL  The  most  sxiitable  material  yet  discovered  for  this  pur- 
pose is  plaster  of  pans,  which  is  u^ed  in  all  the  Ciuullea  now  in 
opention.  One  of  the  results  of  the  use  of  this  material  is  to 
impart  to  the  light  a  faint  tinge  of  rose  color,  which  is  by  no 
nmins  unpleasant  to  the  eye. 

Referring  to  the  illustrations,  a  description  of  the  candles  and 
the  method  of  using  them,  as  employed  in  Paris,  will  now  be 
pvetL  Fig.  45  is  a  representation,  half  in  elevation  and  half 
in  section,  of  one  of  the  lantenis  in  the  Avenue  de  I'Opera.  Each 
lantern  contains  four  candles,  which  are  brought  into  operation 
suwesaively,  only  one  candle  burning  at  a  time.  This  is  nccea- 
stTf  in  onlcr  to  keep  up  the  light  for  the  required  length  of  time 
«cli  night,  a  single  candle  as  now  made  la-^ting  only  one  and  a 
l*lf  hour*.  Fig.  46  is  an  enlarged  sectional  view,  showing  the 
<iMdles  and  devices  for  holding  them  in  position.  These  are 
mounterl  upon  a  circular  base  of  white  onyx,  A,  which  serves  not 
tm!v  to  support  the  p;irts  hut  to  insulate  thom  from  eacli  other. 
Tlie  four  candles  arc  placed  in  a  corresponding  numljer  of  clips 
or  candle-holders,  arranged  in  the  form  of  a  croAs.  Tlie  candles 
are  surrounded  by  a  globe  of  white  opal  glass,  sixteen  inches  in 
diametcrr. 
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The  candle  itself  is  shown  on  a  small  scale  in  fig.  4B. 
two  cjrlindriuil  |>enciU  of  compressed  carbon,  cc,  are  each  two 
hundred  uud  tweuty-five  mm.  (8 '8  inches)  in  length  and  four 
mm.  (0.157  inches)  in  diameter.  The  distance  apart  is  three  mm. 
(0.113  iuches).  Fig.  47  shows  the  tip  of  u  candle  of  its  natural 
aize»  in  elevation  and  in  section.  The  candle  holder  or  clip  con- 
sists of  two  jaws^  B  B*  (fig.  4tJi.  one  of  which,  B,  is  fixed,  and 
the  other,  B',  is  movable.  The  opposite  faces  of  these  jaws  are 
provided  with  vertical  grooves  of  semicircular  form,  for  grasping 
the  candle.   The  four  fixed  j:iws  B,  iii  each  hinleru  are  mounted 
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Qpon  a  common  metnllic  base  }^ie.  A',  to  whidi  the  positive 
pole  of  the  cin^uit  is  ciuiaecled  by  means  of  a  hiDding  screw,  a, 
Sach  movabh>  jaw,  B^,  is  jointed  br  mMDS  of  a  link,  l.  to  a 
block,  A^  which  is  provided  with  a  binding  scn^w.  u*.  to  which 
Ibe  n^aiive  coodootor  is  attached.  A  spring.  D,  presses  tiie 
movable  jaw  B*  ag»inst  th«c*ndt«  C,  and  holds  it  firmly  in 
posilioiu  A  small  meudlio  plaM  i^  attached  to  the  lower  end  of 
fMJi  tuAwn  pmril  on  oupuaite  ndce  nf  thr  casdlr,  in  order  to 
fwtn  a  pwpor  electrical  connection  witli  the  holder.  By  this 
simple  and  efiectiTe  anvngwoent  the  boroed  oot  candles  may  be 
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ffpliicwl  by  new  ones  almost  in  a  moment  There  are,  of  course, 
lour  of  these  movable  jaws  in  each  lanUrn,  each  having  it**  acpa- 
nk  blading  screw. 

The  arrangement  of  the  electric  oircuiL'*  is  as  follows  :  Rcfer- 
linztn  fig.   44    it  wna  stated  that  four  distinct  curreiiLs  might  be 
L        derive*]  from  the  ultemating  magiK-to  mtichine.     Each  of  those 
H     carreotB  Lt  capable  of  supplyiag  four  caudles  at  a  tiute,  when 
^     placed  in  series  in  thw  circuit,  for  the  rea,s»»n  that,  at  tlie  hi^h  tem- 
perature pniduccd  by  the  action  of  the  light,  j^laster  of  pans 
fuses  and  becomes  a  tolerably  good  conductor  of  electricity.     A 
conductor  lends  from  the  positive  t'nninal  of  the  machine  to  an 
ifdiuary  lever  switch^  placed  in  the  Imse  of  the  lamp  post,  and 
Moessiblc  by  a  Bmoll  door.     This  switch  turns  on  to  five  points, 

I  four  of  which  are  connected  n«!pectively  with  the  four  movable 
jaws  B',  of  the  candle  holders,  while  the  fifth  connects  with  the 
return  wire  leading  from  tlie  central  binding  screw  a,  Tiiis 
nritch  thus  serves  to  dij*cct  the  current  to  any  one  of  the  four 
tiudlte,  or,  if  necessary,  to  cut  out  the  whole  arrangement  The 
Rtura  wire  from  the  binding  screw  a  leads  to  the  next  lamp 
post,  and  from  that  in  a  similar  manner  to  the  next,  and  so  on 
h  through  the  four,  after  which  it  returns  to  the  negative  tenninal 
"(  the  machine.  Three  other  ciivnits  ft-om  the  machine  are 
siranged  in  the  same  way,  so  that  when  in  operation  tlicpc  are 
fonr  distinct  circuits,  with  four  lights  in  each  circuit,  or  sixteen 
lights  in  ail 
H  Fig.  48  will  serve  to  give  an  idea  of  the  general  arrangement 
of  the  apparatus.  The  alternate  current  magneto  macliine,  which 
sapphes  the  current  for  operating  the  lamps,  is  seen  at  tlio  lower 
right  hand  comer  of  the  figure,  to  the  left  of  which  is  the  con- 
tinuous current  machine  which  supplies  the  field  of  force.  'Hie 
■  arrangement  of  the  switch  in  connection  with  the  circnits  leading 
to  the  four  candles  will  !«  readily  imtlerstood  from  the  figure. 

Tlie  condnetiirs  nsed  are  constructed  of  a  strand  of  seven  No. 
18  B.  W-  G.  wires,  of  tinned  copper,  twisted  together,  and  have 
ft  resistance  of  about  one  ohm  to  one  thousnnd  four  hundred 
feet.     These   couductora    arc  insulated  with   atrips  of    india 


AUTOMATIC  8W1TUU    KOR  JAULOCHKOFK9   CANDLE. 


t»7 


pressed  into  u  little  cylinder  about  jis  large  as  a  No.  18  wire, 
and  attached  tu  the  candle  by  a  strip  of  a9besU>s.  The  object 
of  this  is  to  complete  the  circitit  when  the  inoclune  starts,  and 
maintain  it  until  the  fusion  of  tlio  plaster  of  piiris  commences, 
when  the  latter  becomes  sufficiently  conducting,  as  before 
mentioned. 

Thenumljer  of  lamjw  now  in  operation  in  the  Place  ile  rOi>era 
anil  the  avenue  of  tlie  siune  Tiame  is  forty-stx  ;  but  as  the  two 
lamps  directly  in  front  of  the  opera  house  are  arranged  U>  burn 
tvo  candles  at  a  time,  in  onler  to  increase  tlie  brilliunuy  <if  ttic 
illmnination,  it  will  be  seen  that  forty-eight  candles  are  in  opera- 
tion .it  once.  The  average  distance  apart  of  the  lamps  <m  each  side 
of  the  avenue  is  about  one  hundred  and  fifteen  feet  These  f  orty- 
ughi  caudlca  are  fed  by  three  .separate  machines  of  the  kind 
which  has  been  described.  'ITie  grc'itcst  <listance  to  which  the 
ttH  of  any  one  machine  is  transmitted  is  said  to  be  two 
^nndred  metres  (about  six  hundred  and  fifty  feel).  At  fii*st  it 
was  newssary  to  employ  a  man  Vj  go  round  to  the  different 
lani|i  posts  at  intorralfl  of  an  hour  and  a  half,  and  switch  the 
curnintlo  a  fresh  candle  as  iheold  one  burned  out;  but  an  auto- 
.•n*iieap]Niratus  lias  been  invented  for  doing  this,  which  is  now 

ing  applied,  and  which  will  be  understood  by  reference  to 
%  4y.  A  and  A,  are  two  candle  holders,  in  which  are  placed 
Ihe candles  C  C,.  An  upright  angular  lever,  L,  is  pivoted  to  a 
standard,  f,,  upon  the  haae.  A  spring,  a,  presses  again.st  this  and 
tends  to  throw  it  into  sucli  a  position  as  to  bring  the  short  anu  I 
ot  tbfl  lever  into  contact  with  the  metallic  block  m,  but  this 
niovemcnt  is  prevented  by  a  platinum  wire,  w,  which  is  attache<l 
to  the  top  of  the  lever  L,  and  rests  against  the  insulating  portion 
^  the  candle  C,  at  a  point  near  its  socket  This  arrangement 
oxjaa  an  automatic  shunt,  for  when  the  candle  C  is  burned 
*i<iwn  i&T  enough  to  release  the  wire  w,  the  spring  a  throws  the 
Isifer  L  over,  making  contact  between  /  and  m,  and  thus  bring- 
ing the  candle  C,  into  circuit  This  is  in  like  manner  arranged 
^  hring  the  third  candle  into  circuit  at  the  proper  time,  and 

on.  The  suhsritntion  of  one  candle  for  another  produces 
Brcely  any  visible  intcmiption  of  the  illumination. 


ff^ 


98 


THE   ELECTRIC   LIGHT. 


A  few  words  in  reference  to  tbo  cost  of  illumination  by 
system  may  bo  of  interest  by  way  of  conclusion.  The  itenis 
expenditure,  otHer  than  that  of  interest  on  first  cost,  are  almost 
entirely  for  motive  |wwer,  cnn<Il«;?  and  attendance.  Tlio  cost  o^Q 
Jablochkoff  candles  is  given  as  about  iifteeii  cents  each.  Mch 
Stayton,  who  examiiie<l  the  ajipamtus  and  system  in  Paris,  in 
behalf  of  the  vestry  of  Cholsca,  a  parii^h  of  London,  gives  the 
toUil  ninning  expense  of  thirty-two  candles  as  sixteen  shillingB 
(nearly  four  dollars)  per  hour.    His  estimate  iucludes  wages,  coal,     . 


oil,  waste,  etc.,  as  well  as  electric  candles.    Tliis  would  make  the 
expense  per  light  per  hour  about  twelve  centA 

The  s3-st»Mn  now  in  operation  in  tlie  Place  and  Avenue  de 
rOi>eni  wai*  put  up  under  a  contract  with  the  director  of  public 
works  in  Paris,  hy  the  General  Electricity  Company,  which  under- 
took to  provide  all  the  appmitns,  and  light  the  lamps  for  a  term 
of  six  montlis,  covering  the  pcriwl  of  the  Expoeitiou,  for  one 
franc  and  forty-five  centimes  (twenty-nine  cents)  |)cr  light  per 
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hoar.    The  amount  of  liglit  pro'luocti  by  each  electric  candle  is 
Mtriously  staxe*\    from   live   hundred  W   seven    hundred  wax 

Tbejjnnciiml  ilifHoultios  in  the  way  of  thi*  genernl  adoption 
of  thLs  light  f«*r  strt-ct  purposes,  aside  from  tlie  original  outlay, 
ffhicb  is  a  prcttv  serious  itcui,  is  the  amount  of  jxjwer  re<iuired 
for  each  lamp,  and  the  difKculty  of  conveying  llie  t^urrcnt  to  any 
con&idemhle  distaDcc  from  the  machine  without  scrionaly  re- 
ducing its  ptrengtii.  These  are  really  the  same  dinicultie^  in  two 
(iiffwcDt  formB.  At  present,  however,  it  certainly  seems  admira- 
bly adapted  for  lighting  Inn^e  sriuares,  placr-.s  ami  public  build- 
io^imd  itdttes  not  seem  unreasonablo  to  t\x[ieet  that  it  will  ero 
long  be  utilized  for  other  purposes,  when  we  oonsider  what  a 
nuiukr  of  inventors,  some  of  them  of  exceptional  ability,  are 
Dow  at  work  upon  the  problem. 

Another  machine  for  n.'^e  in  electric  lighting,  ami  somewhat 
nsemhling  the  Bnwli  machine  in  construction,  ha«  just  l>L'en 
Wtight  out  in  Knuiec,  and  is  highly  rtix>ken  of  there.  One  oi 
Aree  innchinca,  with  eight  magnets  only  (of  the  same  diracn- 
floosa*  those  in  the  Alliance  niaehincs',  will,  it  issaiil,  illumin- 
ate from  three  to  four  of  tlio  JahkHibkofTcamiles  with  an  expcn* 
ditureof  but  little  overono  horse  power  ford  riving  puqKJsea. 
Tbis  is  considerably  better  than  the  Gn^mme.  It  gives  reversctl 
currents  and  experiences  ficareely  any  heating.  iLs  dimensiims, 
lilies,  are  very  small,  and  the  elementary  parts  simple  in  con- 
stnictaon  and  easy  of  adjustment.  A  description  of  this  machine^ 
'or  which  we  arc  indebte<i  Vj  the  Telegraphic  Journal,  is  given 

The  cnbanoeil  effect  of  this  {Arps  of  machines  is  due  to  the 
feet  that  to  the  ituluction  currenta  pixxluced  in  the  coil  of  the 
Gruume  m:u:hiu('H  ani  added  those  produced  in  ordinary  niag- 
netoelectric  machines. 

In  opler  t^i  understand  this,  let  us  imagine  a  Gmmnio  ring, 
fi(C.  50,  dividetl,  for  example,  into  four  sections,  insulated 
magnetically  the  one  from  the  other,  and  forming,  consequently, 
four  electro-magnets,  placed  end  to*  end.     Let  us  auppoec  that 
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the  iron  core  of  each  of  these  sections  is  tpnuiimted  at  each  end 
by  a  piece  of  iron,  A  1^,  forming  expanded  prolongatioua  i>f  the 
poles;  and  let  tis  8up|x>8e  all  these  pieces  lo  be  joined  by  pieces 
of  copper,  C  D,  to  form  one  solid  ring,  around  which  are  placed 
permanent  magnets,  N  S,  with  poles  alternating  with  each  olher.^^ 
Let  us  examine  what  will  take  place  when  this  ring  accoi^^| 
plishcs  a  revolution  iij>on  itself;  and  let  us  see,  in  the  first  place, 
what  will  liappen  on  the  approximation  of  the  expanded  p>ole  B, 
as  it  travels  from  left  to  right,  to  the  pole  N.  At  thia  moment 
it  will  develop  in  the  elect nvmagnetic  helix  an  induced  currei] 


D 


Id 


as  in  the  Clark  machine.  This  current  will  be  instantaneous, 
and  in  a  contmry  direction  to  the  Amperian  currents  in  the 
inducing  iniignel.  It  will  be  very  powerful,  by  reason  of  the 
proximity  of  B  l»)  the  ]x>lo  N ;  but  the  ring,  in  passing  on,  causes 
a  series  of  tn:vgnctic  displacement.'?  l)etwccn  the  jkiIc  N  and  the 
core  A  B,  which  give  rise  to  a  series  of  carrentis  which  may  be 
called  cnrrents  of  polar  inirovereion,  from  B  to  A.  These  cur- 
rents will  bo  direct  in  relation  to  those  in  N,  but  they  are  not 
instautaueous,  and  tbey  increase  in  energ>'  from  B  to  A, 
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To  these  currents  will  be  joined  simiilUineously  the  currents 
^of  dynamic  imiiiction)  resulting  iram  the  ptwsfljje  of  the  helix 
Wote  tlie  pole  N.  When  A  leaves  N  a  demagnetization  cur- 
rnl  is  produoedf  equal  m  eaer^',  and  in  the  same  dire<*tioii,  as 
ihe  nueneiization  eurrout  due  to  the  ujipi'nximation  of  B  to  N. 
Thus  we  get  reverse  induced  currents  through  the  apjimach  and 
nxTssion  of  B  and  A  :  direct  induced  currents  during  the 
passage  of  the  core  A  B  brfure  th(i  inductf>r;  direct  indim'd 
t'um?iii8  resiuUing  from  tin*  passage  of  the  helix  in  front  of  N. 
All  these  inductive  effects  are  thus  accumulated  in  ihts  comhina* 
tion:  there  arc  also  currents  resulting  from  lateral  reaction  of 
A  B  ujton  ncighl>or:ng  poles. 

To  still  further  augment  the  cffectA  of  induction,  M.  de 
M^riieus,  the  inventor,  makes  the  core  and  apfHiiulagen  of  thin 
plates  of  iinn,  cut  out  and  plmind  together,  t4i  the  numU^r  cif 
fifty,  enoh  one  millirafetre  tliick.  The  coils  ai-o  so  arranged  that 
ibey  can  be  connected  in  series  or  for  quantity- 

lo  tig.  50  we  have  considered  oidy  fi)ur  sections,  but  there 
sre,  in  fact,  more  than  this ;  the  motlel  to  which  we  have  referred 
pmessing  sixteen,  which  are  mounted  on  a  bronze  wheel, 
centred  on  the  motor  shafL  The  inductor  magnets  are  placed 
■iwvetbe  wheel  and  strongly  tixed  horizontally  to  two  bronze 

A  liule  cnnsideratinu  will  siiow  that  the  ring  is  ooustructed 
Wider  the  best  possible  conditioa  In  fact,  as  caeli  section  is 
separate,  it  may  be  dismounted  singly,  and  consequently,  the 
»ire«ia  be  wound  on  without  difSculty.  Those  who  know  the 
difficulty  of  winding  a  Gramme  ring  will  readily  appreciate  this 
iidvantoge.     On  the  other  hand,  the  core  being  cxjmposed  of 

w«  which  can  be  at  once  removed  by  releasing  the  key  piece 
Man  enormous  advantage,  for  it  obviates  the  precision  iie*;es3ary 
to  the  construction  of  solid  rings,  which  arc  always  difficult 
?p  perfectly  true.     Lastly,  there  is  neither  commutator  nor 

lector,  and,  consequently,  no  loss  of  current 

We  have  said  that  this  mac^bine  can  feed  three  or  four 
Jiblocbkoff  candJes  applied  to  on  electric  light  regulator;  but 
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it  has  also  been  foand  comi>etent  to  illuminate  regulaU>rB,  even 
wheu  the  carbous  were  seiiaruted  by  a  distance  of  thrt«  and 
a  half  centimetres.  It  is  certiiiii  that  these  results  ore  verjr 
important,  and  we  may  safely  argue  a  future  for  this  machine. 

As  is  well  known,  when  an  electrical  current,  which  flows 
tlirough  a  conductor  of  considerable  lengthy  is  suddenly  broken^ 
a  bright  flash,  called  the  extra  spark,  appears  at  tlie  point  of 
separation.  The  extr:\  8])ark  will  appear,  althouf^h  the  current 
is  not  sufficient  to  sustain  an  are  of  any  appreciable  length  at 
the  point  of  separation. 

In  the  system  propowxl  by  Professors  Thomson  and  Houston, 
one  or  both  of  the  electrode  which  may  be  Uie  ordinary  carbon 
elcctroiles,  are  caused  to  \nbrale  t*>  and  from  each  other.  The 
electrodes  are  placed  at  such  a  distance  apart  that  in  their  motion 
towards  each  other  they  touch,  and  afterwards  recede  a  distance 
apart  which  can  be  regulated.  These  motions  or  vibrations  are 
made  to  follow  one  another  at  such  a  rate^  that  the  effect  of  the 
light  produced  is  continuous:  for.  as  is  well  known,  when 
flashes  of  light  follow  one  another  at  a  rate  greater  than  twenty- 
five  to  thirty  per  second,  the  ellect  produced  is  that  of  a  con- 
tinuous light.  The  vibratory  motions  may  be  communicaled  to 
the  electrodes  by  any  suitable  device,  such,  for  example,  as 
mechanism  operated  by  a  ci^ileil  spring,  a  weight,  c».>mpressed 
•ir,  etc ;  but  it  is  eviileni  thai  the  current  itself  furnishes  the 
meet  direct  method  of  obtaining  such  motion,  as  by  the  use  of 
an  axitomatic  vibntor  or  an  electric  engine. 

In  practice,  instead  of  \-ibnittng  both  deotrodes»  it  has  been 
found  neoessan*  to  give  motioQ  to  one  only ;  and  sinoe  the 
nogstlTe  electrode  may  bo  made  uf  sach  sixe  as  to  waste  very 
•lowly,  motion  is  imparted  to  it  in  preference  to  the  positive. 
The  carbon  electrodes  may  be  tvfilikoed  by  those  vf  various 
sabstamccs  of  sufficient  conduciing  power. 

In  this  system,  when  dcESLicd,  an  indepeodent  b«ttenr  circuit 
is  employed  to  oontrcJ  the  extiaction  and  lighting  of  each  lamtx 

The  following  is  a  deacriptioii  of  one  of  the  fbcms  of  the  elec- 
tric lamp  devised  to  be  used  in  eonaectxm  with  the  erstem. 


THOMSON  AND   HOUSTON'S   ELECTRIC  LAMP. 


lOS 


A  flexible  bar,  b,  of  metal,  fig.  51,  is  firmly  attached  at  one 
<rf  its  euds  to  a  pillar,  p,  and  bears  at  its  other  end  an  iron  arma- 
ture, a,  placed  opposite  the  adjustable  pole  piece  of  the  electro 
maf^et  tn.     A  metal  collar,  c,  supports  the  negative  electrode, 


the  positive  electrode  being  supported  by  an  arm,  j\  attached  to 
the  pillar  p. 
The  pillar^  ia  divided  by  insulation  at  t  into  two  sections,  the 
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upper  one  of  which  conveys  the  current  from  the  bindiag 
marked  -|-,  to  the  arm  j,  and  the  rod  R,  supporting  the  jKisitJ^ 
electrode.  The  magnet  in  U  placed,  us  shown  by  the  dotl 
lines,  in  the  circuit  whidi  produces  tlie  light  The  pillar  ;)  ii 
hollow,  and  has  an  insulated  conducting  wire  enclosed,  whic 
connects  the  circuit  closer  t-  to  the  binding  post  ni;irked 
The  current  is  conveyed  to  the  negative  electrode,  through  b  and 
the  coils  of  the  magnet  in.  When  the  electrodes  are  in  contact, 
the  current  circulating  through  m  renderai  it  magnetic  and 
attracts  the  armature  a,  thus  separating  the  electrodes,  wlien,  on 
the  weakening  of  the  current,  the  elasticity  of  llie  rod  b  again 
restores  the  contact  During  the  raovement  of  the  negativ^H 
elccirotlc,  since  it  is  caused  to  occur  many  times  per  secxjnd,  thd 
positive  electnxle,  tiiough  partially  free  to  fall,  cannot  follow  the 
rapid  motions  of  the  negative  electrode;  and,  therefore,  does  not 
rest  in  perraauent  ei:mt:ict  with  it  The  slow  fall  ut  the  |Kisitive 
electrode  may  Iw  insured  either  by  properly  proportioning  its 
weiglit,  or  by  partly  counterpoising  it  The  positive  electrode 
tlius  becomes  self-feeding. 

The  rapidity  of  movement  of  the  negative  carbon  may  be 
controlled  by  means  of  the  rigid  bar  I,  which  acts,  practicaJlv, 
lo  shorten  or  Icngtiien  llie  |iart  vibrating. 

In  order  to  obtain  an  excellent,  but  free  contact  of  the  armj 
with  the  positive  electrode,  the  rod  r.  made  of  iron  or  other  suit- 
able metal,  jwisses  thnnigh  a  aivity,  s,  tig.  52,  filled  with  mer- 
cury, placed  in  electrical  cfiutact  with  the  arm  /  Since  the 
mercury  does  not  wet  the  metal  rod  r,  or  the  sides  of  the  open- 
ing through  whicli  it  flashes,  free  movement  of  the  rod  is  allowed 
without  any  escajw  of  tlie  mercury.  We  l>elieve  that  this 
feature  could  be  introduced  ad\'antageotL>Uy  into  other  forms  of 
electric  Iam[i&  ^H 

In  onler  to  prevent  a  bre&k  from  ocearring  in  the  circuit^^ 
when  the  eleetnjules  are  consumed,  a  butii>n,w,  fig.  61.  is  attached 
lothe  npper  extremity  of  the  ral  R»  at  suu^  a  distance  that  when 
the  carbons  are  consumeil  as  much  as  is  deemed  desirable^  it 
comes  into  contact  with  a  inpping  lever,  t,  which  then  allows  two 
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oondncting  plugs,  attached  to  the  bar  v,  to  fall  into  their  respect- 
ive mercury  cups,  attached,  respectively,  to  the  positive  and 
Tiegative  binding  posts  by  a  direct  wire.  This  action  practically 
cuts  the  lamp  out  of  the  circuit 

Another  form  of  electrical  lamp,  devised  recently  by  M. 
Reynier,  is  shown  in  figs.  53  to  56.  The  action  of  this  lamp 
is  baaed  upon  the  well  known  principle  that  if  a  very  intense 
current  of  electricity  l>e  led  through  a  resisting  and  refractory 
conductor,  such  as  a  pencil  of  carbon,  the  temperature  of  this 
wndactor  may  rise  to  a  dazzling  white  heat,  and  it  will  then 
emit  a  vivid  light     The  principal  difficulty  to  be  overcome  in 


'Wa 


Fig.  62. 

^lie  electrical  lamp  is  to  limit  the  undue  waste  of  the  luminous 
conductors — a  w:uste  which  is  very  rapid,  even  in  an  enclosed 
space,  on  account  of  the  volatilization  and  disaggregation  of  the 
carbon  pencils ;  and  which  is  greatly  accelerated  in  the  open  air 
^y  the  rapid  combustion  of  the  incandescent  carbon. 

In  the  various  systems  '>f  electrical  lamps  with  continuous 
conductors  heretofore  proix>sod,  the  renewing  of  the  carl)on 
points  is  performed  in  the  following  manner :  The  incandescent 
pencil  is  placed  in  the  circuit,  with  fixed  contacts,  and  remains 
part  of  the  same  until  broken  by  Ijeing  consumed.  The  light  is 
tben  extinguished.     The  current  now  suddenly  passes  from  this 
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carbon  to  another,  wliich  is  coiisumeiJ,  the  circuit  broken 
turn,  and  so  on. 

This  iiietho^l  is  open  to  many  objections:  there  is  an 
ruption  of  the  current,  accompanierl  by  an  extinction  of  light 
at  every  rupture  of  the  [lennil.     The  hiniinous  intensity  varies 
oonlinuully  on  urcimnt  of  the  jjnuKml  lliiniiingof  the  carbo 
The  conductor  only  gives  its  maximum  of  light  at  the  momei: 
next  to  that  of  ruptun^     Finall}*,  the  proposed  apparatus 
Bcarcely  work  ext'ej)t  in  an  encloseil  space. 

Ill  the  new  syfiti?m  here  referred  to  the  renewal  of  Uie  carl 
is  progressive.  The  carbon,  incandescent  a  part  of  its  length, 
nilvances  almost  continuously,  till  the  whole  available  part  has 
been  consumed.  The  system  cau  operate  in  the  open  air.  The 
following  is  the  principh*:  A  (■ylin<ln<'al  or  ptismaticiil  pencil  of 
carbon,  0,  lig.  63.  between  i  and  /,  foiiris  part  of  an  t!lectrical 
circuit  (continuous  or  alternate),  Mifficiently  intense  to  render 
this  ]»art  iucandcdcenu  The  cun-ent  enters  or  leaves  at  the 
point  of  contact  I;  it  leaves  or  eulenn  at  the  point  of  contact  B. 
Tlie  contact  /,  which  is  elastic,  compresses  the  [}cncil  laterally ; 
the  contact  B  ^^uches  it  at  it?  end  Under  these  conditions  the 
carbon  is  consumed  at  ita  extremity  sooner  than  at  any  other 
place,  wliich  tends  to  diminish  its  lengtli.  Consequently,  if  the 
carbon  is  stcatlily  forced  in  the  direction  of  the  arrow,  it  will 
gradually  advance  iii  it  is  <!on-sumcd,  sliding  through  the  lateral 
contact  /,  HO  as  to  press  continuously  on  the  point  of  contact  at 
R  The  heat  dcvelopc<l  by  the  passage  of  the  current  is  greatly 
increased  by  the  c^ombustion  of  the  carbon. 

In  priMJlicc,  a  revolving  contact,  B,  ll^.  64,  which  carries  off 
the  cinders  of  the  carbon,  is  sul>stituted  for  llie  fixed  contact 
Tlie  rotation  of  the  contact  is  mude  dependent  on  the  progressive 
movement  of  tlie  carbon,  so  tliai  ilie  weight  of  tlie  latter,  exeiled 
at  it£  end,  actjt  an  a  brake  on  the  mechanism  of  the  motioii. 

The  jirinciplc  of  this  new  system  once  established,  simple 
appanitus  to  realiiie  it  could  easily  be  devised.  The  specimens 
submitted  to  the  Society  of  Physics  may  bo  understood  at  tlie 
first  glance.     The  advance  of  the  carbon  C,  fig.  65.  and  revolv- 
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tng  contact  at  B,  are  obtained  by  meana  of  the  descent  of  the 
heavy  rod  P.  To  wiud  up  the  lamp  it  is  only  uecessary  to  raia© 
thifi  rod.  The  carbon  pwncil  is  plaoecl  in  its  po«itio[i  without 
any  tdjuptment  'Hie  luminous  point  remains  fixtil,  which  is 
always  advantageous,  and  particularly  so  in  optical  exjicrimeutA 
This  apfiaratus  gives  a  clear  white  light  with  fnur  Bun.sen 
eiemeat&     With   a   more  powerful   electrical   source,   several 


fiif.b*. 
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IwDjw  of  ihift  system  may  be  operate<l,  and  thus  '*a  subdivision 
^  the  tilectrical  light  may  be  obtained" 

The  following  exj^nnienls  were  made  before  the  Society  of 
Physics:  With  a  l«iltery  of  thirty-six  elements  of  eighteen 
centimfttres,  grouped  in  two  scries  of  eighteen  each,  four  lamps 
were  ojierated  when  placed  in  a  single  circuit,  and  all  four  were 
npeatedly  extinguished  and  relighted  at  will.     Each  of  the  four 
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from  one  of  these  lani]>s  hy  means  of  tlie  current  of  a  ot 
Gramme  machine,  for  the  kborator>-,  witli  trcaille  uttachmeal 
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Finally,  a  tight  was  obtaiacd  willi  a  batten'  of  iHree  Plants 
(secondary)  elements,  which  were   charged   during  the  after- 
noon, at  the  establisbracnt  of  M.  Crdgxict,  and  carried,  charged^ 
Mi  the  hall  of  the  society.     This  experinient  may  l)o  consid- 
ered as  a  step  towards  the  application  of  the  electrical  light  to 
domwtic  purposes. 
The  following  is  a  more  recent  arrangement  of  the  apparatus: 
In  this  arrangement  iho  revolution  of  the  turning  contact  Is 
obtained  from  the  tangential  component  of  the  ]fres.sure  of  the 
Mrbon  i^encil  on  the  circumference  of  the  disk.    Thus  the  end  of 
tiie  pencil  never  leaver  the  revolving  contact,  and  all  causes  of 
irregularity  in  the  light  are  ob\nated. 

The  brake,  always  indispensable,  is  operated,  fig.  56,   in  the 

following  manner:  The  disk  13  is  earned  by  a  lever  swinging 

f^ta  0.  The  prcssore  exeitcd  by  the  carbon  on  the  disk  B  causes 

^  shoe  S  to  press  on  the  face  of  a  wheel,  A,  which  is  revolved 

^y  means  of  the  weight  of  the  heavy  rod  P  through  its  rack  and 

the  pioion  a.     Accordingly  as  the  point  of  the  lumiiiou.'t  cx>n- 

"Uctor  preaees  more  or  less  hejivily  on  iho  *i\sk,  the  brake  will 

K'^tarvl,  more  or  less,  the  descent  of  the  heavy  column,  which 

H<^:cun  at  almost  inappreciable  intervals. 

Bt     A  great  deal  has  been  said  lately  about  the  substitution  of 
^®  electnc  light  forgns,  and  from  the  frequent  remarks  which 
-^^  hear  on  this  subject  it  would  appear  that  no  small  portion  of 
,^^*^    popular  mind  iucUnes  to  the  belief  that  the  i-calizatiun  of 
^l"*is  event  on  an  extended  scale  is  not  far  distant     It  should, 
*^<^wever,  be  remembered  that  the  great  advantage  of  the  electric 
*^Vit  so  far  at  least  as  economy  is  concerned,  can  be  obtained  in 
^«  highest  degree  only  where  a  large   quantity  of   light   is 
UiUJfJ.  and  tliat  the  circumstance  under  which  the  light  is  to 
ust-d  lias  a  modifying  inHuence  in  ivganl  to  its  application. 
l-^  (jlace  already  provided  with  [Kiwcr,  or  in  such  a  position  as  to 
'  deceive  it  without  necessitating  extra  provisions  for  the  purpose, 
^oiildf  of   course,  be  soned  more  economically  than  another 
Quiring  the  special  introduction  of  machinery  and  the  employ- 
Wieiitof  help  to  look  after  it     As  the  amount  of  light  reipured 
'Increases,  the  economy  also  becomes  very  much  less  marked. 


110 


THE  ilLECTKlC  LIGUT. 


Platirmm  and  iridium,  as  already  explained  on  page  32,  mfl 
gaa  retort,  or  other  carlx>n  pencils  when  rendered  incandescent^ 
by  the  passage  of  sufficiently  powerful  ourrenta,  serve  very  well^ 
for  illuminating  fimaW  spac&i  and  apartznentf;,  but  the  dif^culties 
attending  the  use  of  these  substances  are  considerable,  and  no 
extended  practical  application  of  tliem,  so  far  aa  we  are  aware, 
has  yet  been  made.  The  sul)ject  has,  however,  l)een  taken  up 
anew  by  Messrs.  Edison,  Sawyer  and  Man — the  former  working 
independently  and  the  two  latter  together— and  the  results  so  far 
obtained^  it  i.i  sai<l,  promise  very  well  for  tlieir  ultimate  suooesa. 

Considered  from  a  theoretical  standpoint  alone,  carlx>n  is  even 
better  adaptod  for  lighting  purposes  than  platinum  or  iridium, 
since  its  radiating  jKiwer  ft>r  equal  teniperatu]*es  is  greater  and  its 
cayxicity  for  heat,  rcfemng.  of  course,  to  equal  volumes,  is  less 
than  that  of  either  of  these  metals;  thin  sticks  of  this  materi&l 
would  oonsequcntly  be  raised  to  a  much  higher  temperature  fas| 
a  given  current  than  etpial  volumes  of  the  metals.  Carbon  also 
possesses  the  advantage  of  remaining  intact  at  tlie  highest  tem- 
perature, while  the  metals  become  fused  and  are  even  defla- 
grated; its  ilisad vantage,  on  the  other  hand,  aside  from  a  tend- 
ency to  volatilize  at  high  tern j>e natures,  is  the  ready  combination 
of  its  heated  particles  with  the  oxygen  of  the  air,  but  this  in  a 
measure  has  been  overcome  by  conSning  the  incandescent  carbon 
in  an  atmosphere  of  some  non-oxidizing  gas,  such  as  nitrogen. 
The  Sftwyer-Man  lamp  comprehends  the  use  of  this  gas  for  the 
Above  mentioned  purpose,  but  the  idea  is  certainly  not  a  new 
on&     We  shall  refer  to  this  tamp  again  presently. 

It  having  been  announced  a  few  yeans  ago  that  Mr.  Edison 
had  discovered  a  means  for  subdividing  the  electric  current  in- 
definitely, thereby  making  it  poamble  to  use  electricity  for-light- 
ing  aouUl  nre«a^  the  statement  had  a  marvelous  effect  in  bringing 
down  the  value  of  gas  stock  abroad.  ^HH 

It  is  soraewliat  remarkable,  too,  ihat  although  gzis  sharefi^S?^ 
preciated  greatly  and  suddenly  in  Kngland.  on  this  announcement, 
few  persons  in  that  country  ha'1  the  slightest  idea  of  what  the 
alleged  improvement  roiisiau^l ;  they  had,  however,  seen  the  light, 
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and  already  knew  what  wonderful  things  the  American  inventor 
had  done  in  other  directions,  and  that  seemed  qnite  sfiificient. 

In  tlienpplication  of  Mr,  Edison  for  a  patent  on  liistdwtric 
lligfat  iuveution,  as  it  now  appuam  on  the  records  of  the  English 
ftijrmui^ioneps  of  patents,  iKjaringdatc  of  W"e<^lnesday,  October 
23. 1^78,  nothing  at  all  is  said  about  the  subdivision  of  the  cur- 
rent. The  title  which  expreaaes  the  purport  of  the  invention, 
Mil  which  will  appear  on  the  face  of  the  patent,  is  as  follows: 
"MeilioJ  of,  and  meaos  for  developing  electi'ic  currenU  and 
lighting  by  electricity."  We  may,  however,  assume  tliat  the 
idea  is  included  thereitt.  It  will  nut  be  outt>f  place  in  this  con- 
BHlioo  to  note,  as  well,  that  an  application  was  also  filed  in  the 
Kaglish  patent  office  on  October  26,  just  iliree  days  later,  by  Mr. 
Charles  E.  Shea,  for  a  "  Methotl  of  dividin;^  and  distrihuting  the 
cuttentprodnwxl  by  magnetic  battxmes  and  magneto  and  dyna- 
"Hi  electric  macliineH  into  an  indefinite  number  of  separate  cur- 
Ku\s.  equal  or  relatively  unequal  to  each  other  in  quantity  or 
foiw."  How  many  otjier  jjersona  are  engage*!  upon  the  same 
imiblem  it  would  be  viifficnlt  to  state,  but  the  number  is  cer- 
tainly very  large.  But  leaving  out  of  consideration  the  praeti- 
oWlily  of  the  infinite  subdivi.sions  of  the  t-uncnt,  regarding 
*Hicii  scientific  electricians  have  well  known  views  that  are  not 
lielj  to  be  much  affected  now,  we  oome  to  the  principal  part 
01  tlie  invention.  More  than  a  quarter  of  a  centurv  ago  a  good 
owl  v!ns  done  by  inventors  in  this  and  (>ther  countries  toward 
ffiKuring  an  electric  light,  by  causing  a  current  to  pass  through 
>  plarinuni  wire,  and  so  raising  its  temperature  as  to  make  it  self- 
Inminoas.  The  results  at  that  time  fell  far  short  of  the  cxpceta- 
iwna  of  the  sanguine  experimenters.  One  obstacle  to  success 
the  liability  of  the  wire  to  fuse.  This  Mr  Edison  now 
to  have  overcome  by  so  applying  a  small  bar  that  it  will 
the  instant  the  wire  reachen  within  a  few  degrees  of  the 
ig  point,  and  intercept  the  flow  of  the  current  through  the 
*ipe  sufficiently  to  prevent  fusing. 

Tliig  automatic  arrangement  secures,  it  is  said,  an  even  tempera- 
tare  in  the  wire  or  thin  strip  of  platinum,  nnd  consequently  a 
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Steady  glow  of  pure  light  If  this  is  doue  economically,  and 
pmctical  limit  of  the  subdivision  is  sufiiciouiJy  extended, 
obvious,  that  a  marked  advance  bos  beon  made  In  artificial  illu- 
mination. Actuiil  trial,  however,  must  determine  whether  the 
action  of  the  automatic  bar  regulator  will  do  all  that  is  claimi 
for  it 

A  somewhat  similar  arrangement,  or  one  which,  at  first  aig' 
might  be  thought  to  involve  the  same  principle,  was  exhibi 
before  the  Royal  Society  in  June,  1878,  by  Dr.  Siemens ;  and 
method  with  which  Mr.  Farmer  exiwrimented  some  years  since 
might  not  appear  altogether  dissimilar.  As  early  as  1859 — nine- 
teen yeara  agi) — Mr.  Farmer  also  demou.«tniteil  the  possibility  of 
subdividing  the  electrie  current  for  illuminating  piirfjoses,  and 
at  the  same  lime  showed  its  application  to  private  dwellings  by 
actually  lighting  one  of  the  dwelling  bouses  in  Sulem,  Mas&, 
every  evening  during  the  month  of  July  of  that  year.  This  was 
undouliteill}'  the  first  private  dwelling  ever  lighted  by  electricity. 
Thtf  current  uae«i  for  the  purpose  waa  sujtplied  by  three  dozen 
nx  gallon  battery  jars.  In  1875,  he  earned  the  subdivision  stiU 
further,  by  making  foriy-twn  divisions  in  the  current  from  a 
fflDglo  dyuamo-clootric  niaohiui',  and  producing  as  many  &e|>arate 
lights  The  machine  used  in  ihja  case  did  not  weigh  over  eight 
hunditxl  pounds,  and  was  driven  by  a  small  steam  engine.  While, 
therefore,  »  casual  ot)8cn  er  might  discover  a  marked  similarity 
between  tlic  invention  of  Mr.  Edison  and  those  of  Messre. 
Farmer  and  Siemens,  a  more  careful  one  wo\Ud  scaroely  fail  to 
note  the  difference  which,  in  one  sense,  is  quite  distinctive.  In 
both  of  the  Uller  it  is  U»e  current  which  is  ncgulated,  while  in 
the  former  it  is  the  lcm[x?mlure  of  the  incandc:i<%nt  suUstance, 
each  lamp  being  cntiivly  indcficndenl  of  the  strength  of  current 
•bove  a  certain  amount*  and  oftoh  tdao  indei^ndeni  of  the  other. 

Tho  new  fonn  of  electric  light  produc«<t  by  what  is  known  aa 
tbe  Sawyer- Man  lamp,  has  been  publicly  exhibited  in  New  York 
lately  by  the  ElecirwPyiuimic  Light  Oompany,  and  its  appcar- 
aaoo  alooa  eertamly  improsM^  tho  ol<«erver  very  (iivorably.  We 
faaTOi  bovever.  no  roliaUa  dAt*  in  rogard  to  the  photometric  value 
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of  the  lights,  llie  ourrent  required  for  cacli,  nor  the  pi-nctical  limit 

lo  iJie  subdivision  of  tlie  j)rim-i[jal  current.     Uuduubtixlly,  aub- 

division  con  Ik*  carried  lis  far  witti  this  fonii  of  lamp  aa  witK  any 

oiher  thai  lias  been  brought  out — it  may  he  further.     But  tliere 

is  a  limit  for  the  best — the  press  to  the  contrary  tiotwitlu^tamiiiig 

— as  will  readily  nppciir  wli«ti  we;  consider  tliat  a  ctTtaitt  uuioniit 

of  current,  and  not  a  very  inconsiderable  one  cither,  is  required 

(or  each  lamp.     The  division  of  the  current  itself  to  almost  any 

extent  is  no  dillicult  problem  for  smnll  amounts,  it  being  only 

lieeeaauy  to  Icatl  off  a  numW  of  branch  circtiits  from  the  main 

conductor,  and  the  current,  following  Obm'^  well  known  law,  will 

divide  between  tiiem  in  tlie  inverse  ratio  of  tlieir  resistances;  if 

all  tn  equal,  the  currents  in  each  will  bo  alike.     But  when 

a  current  sufficient  to  maintain  carbon  pencils  at  a  white  heat  is 

toiuiivd  in  each  branch,  the  jtractiuil  limitations  begin  to  apjiear. 

h  is  said  that  by  the  use  cf  M.  RajuefTs  system,  which  has  l>een 

practically  introduced  into  tiic  I/mtlon  Times"  composition  i-ooms, 

Ilwesity  liglita  from  a  single  machine  are  obtiiined,  and  that  the 
^inributing  principle  lias  ])rovcn  a  great  succeKs. 
One  great  advantage  of  this  light  is  that  it  Kin  be  sustained 
ibr  a  whole  night,  if  necessary,  without  change  of  carbons,  or 
•fcy  atieadanct%  and  the  intensity  remains  always  the  same,  how- 
*Tcr  much  the  carhona  are  conauniod.       Four  earbfm  pencils 
^m     iiutetd  of  two,  as  in  the  ordinary  form  of  regtilator,  ai-e  used 
■     'rtl>  the  system.     These  are  opjiosed  lo  oauh  other  in  pairs,  and 
(oplaa.-"!  that  the  plane  of  one  is  at  right  angles  lo  that  of  the 
other.    At  first  the  carbons  are  togi^tlicr,  but  when  the  current 
is  8WU  tlirough   them   they   are  <lrawn   apart  by  an   electnj- 
lUgnetic  apparatus,  which  forms  part  of  the  lamp,  and  as  the 
^L     points  consume,  are  made  to  .i]^proarh  each  other  silowly.     This 
^^^  etlccted  by  means  of  a  load  weight  or  counterpoise.     With 
^^■Axms  twenty  inches  long  and  two  u>ntha  of  an  inch  in  dia- 
meter the  light  is  maintained  for  seven  or  right  hours,  and  with 
cirljons  twenty-four  hundredths  of  an  incli  thick  it  is  kept  up 
'or  nine  or  teu  boiirs.     The  light  is  equivalent  to  {rom  one 
liundred  to  one  hundred  and  twenty  gas  flames,  or  about  one 
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thousand  candles,  but  a  smaller  form  of  the  lamp  is  made  whicb 
is  estiniate4  to  give  five  gas  llames.  The  resistance  of  the  arc  is 
only  two  or  three  ohma. 

The  Sawyer-Man  lamp  consists  of  two  conductors  enclosed  in 
a  sealed  glass  vessel  of  about  eight  inches  in  height  by  two  auJ 
a  half  iu  diameter,  containing  nitrogen,  and  a  very  thin  carbon 
pencil,  pR>bably  one  tenth  of  an  inch  thick  and  three  quarters 
long,  which  is  the  source  of  the  light  when  rendered  incandescent 
by  the  passage  of  the  current  Every  precaution  has  been  taken 
in  the  coastruction  of  the  lamp  to  modify  or  remove  even  the 
slightest  thing  that  could  tend  to  interfere  with  its  use  in  a  prac- 
tical way.  The  glass  is  made  very  clear,  to  prevent  undue  aljsorp* 
tion  both  of  light  and  heat ;  the  wires  arc  large  and  long,  so  as 
to  form  ready  conducton^  for  the  dissijKition  of  useless  heat  that 
is  always  generatetl,  and,  finally,  a  diaphragm  of  some  non- 
absorbing  substance  is  placed  immediately  below  the  carbon 
pencil  to  prevent  ntdiation  downward,  which,  if  alloweil  to  take 
place,  might  seriously  interfere  witli  the  seating.  The  conductors 
arc  also  wound  in  a  spind  form  to  economize  space.  Consider 
able  secreey  has  been  maintained  by  the  inveuiora  in  regard  to 
some  substance  contained  in  tlic  I>a.^  of  the  hunj)s  ;  but  this  is 
believed  to  be  metallic  ]K}tassium,  placed  there  to  absorb  any 
oxygen  that  noay  chan<?e  to  leak  through. 

We  have  seen  tlvo  or  more  of  these  lamps  in  operation  at  one 
time,  and  were  much  pleased  with  their  performance.  Our  inres* 
tigntion  of  the  various  details  connected  with  their  construction 
and  practical  maintenance  was,  however,  too  limited  to  enable  us 
to  judge  of  them  from  an  economical  standpoint  One  or  two 
things  which  camA  under  our  observation  did  not  impress  us 
quite  80  favorably  as  we  had  reason  to  anticipate  5Y>m  what  we 
had  heard  of  them.  Possibly  a  poor  adaptation  of  means  to  ends, 
which  is  so  often  notioeftble  with  new  and  hastily  introduced 
apparatxis,  is  in  port  reeponnble  for  thiss  but  it  is  certainly  remark* 
able  tliat  tlic  ooDtinuance  of  the  light  on  the  occasion  of  our  visit 
was  not  prolonged  beyond  five  mmutcs  at  the  most ;  and  this 
fact^  taken  in  connectioa  with  the  dound  £rom   the  dvnamo- 
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electric  machine,  which  indicatcfl  both  a  high  rate  of  speoci 
And  the  production  of  u  powerful  currcut,  was  not  calculated  to 
gre&tlj  astonish  any  one  futniliar  with  the  t$ubjoct  of  electric 
lighting.  The  particular  advantages  of  this  light,  however,  are 
its  steadiness  and  the  ease  with  which  it  can  be  controlled,  hoth 
very  desirahle  equalities,  and  it  will  no  doubt  meet  with  consider- 
able success. 


M  present  wo  have  very  little  reliable  data,  beyond  that  given 
™  page  30,  regarding  the  cost  of  lighting  sliops  utkI  factories 
w  thia  country,  or  the  use  of  the  light  in  a  small  way.  What 
■e  Uve  there  said,  however,  shows  under  what  conditions  the 
ooploymeut  of  the  electric  light  may  be  botli  advantageous 
wd  economical. 

MesBTB.  Wallace  k  Sona,  of  Ansonia,  Conn.,  have  been  among 
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the  fii-Rt  here  to  introduce  the  light  in  it.  ]traclical  way,  and  their 
extensive  n»lliiig  mills  liavo  hcv.n  very  successfully  lighted  with 
(our  lamps  for  months  together.  Fig.  67  shows  one  fvna  of 
the  lamp  whiuh  ihcy  use;  it  has  already  been  described  on 
page  1().  Various  other  npplicalionsof  llic  light  havcalsobecn 
matie  elsewhere  in  thia  country,  but  we  are,  unft^rtunately,  not 
in  ]vos3ession  of  auy  detailed  statement  of  the  cost  of  the  eoiue, 
eomparetl  with  that  of  gm  used  under  similar  cireuiastances. 

Mr.  Schuyler  informs  us»  however,  that  the  cost  of  lighting  one 
of  the  corridors  in  the  Equitable  building,  New  York,  by  two 
Ma^xiui  lauip.s,  like  that  shown  iu  fig.  12,  and  one  of  the  Farmer- 
Wullucc  machines,  is  a  trifle  over  fifteen  and  a  lialf  cents  per 
hour  for  running  expenses  alone,  as  against  fifty-ono  cents  per 
hour  for  gas,  and  tliat  the  quantity  of  light  fumisheU  by  the  two 
lamps,  which  replace  fifty-one  gas  burners,  is  three  times  greater. 
It  is  confidently  hoped  liy  Mr.  Schuylerand  his  associates  tliat  the 
advantages  of  the  electric  light  will  be  even  more  marked,  both 
OS  regards  ^^'^^■^^  i""i  economy,  when  the  Farmer- Wallace 
machine  is  replaceil  by  one  of  the  new  Maxim  machines,  as  is 
proposed  to  be  done  shortly.  This  machine  is  shown  in  fig,  58. 
and,  it  is  claimed,  will  furnish  a  very  laige  amount  of  current  for 
the  comparatively^  small  amount  of  material  used  in  its  con- 
struction. Its  tendency  to  become  heated  is,  at  the  same  time, 
very  small,  on  account  of  the  manner  of  arranging  the  armature 
and  field  niagnet^s  whereby  a  eoustant  circulation  of  air  among 
all  the  par!.^  is  secured. 

The  Maxim  niachine  and  lamp,  we  understand,  have  been 
a<lopt6d  by  the  Rtisstan  government  for  the  steamships  which 
are  being  coiustructc^l  fur  it  in  thi.s  country,  the  trial  on  one  of 
the  vessels  having  given  so  much  aatiafaction  that  all  will  now 
be  similarly  equipped. 

In  Kngland,  the  Lontin  machine  and  lamp  have  been  some- 
what extensively  introduced,  but  it  is  dithcult  to  get  really  accu- 
rate statements  in  regard  to  the  cost  of  operating  tlienu  The 
machine,  which  has  not  been  notice<l  iu  the  preceding  pages,  is 
oonstructed  in  two  parts,  one  of  which  supplies  the  correut  for 
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nutgnetissing  the  iron.  ooreH  of  tbo  second,  nn  tlte  principle  of  the 
Wildo  inacliine,  while  the  latter  is  arranged  lo  supply  several  dif- 
ferent circuits  containiiig  scparato  huuiwi.  The  lamp  is  a  modi- 
Bod  form  of  tlio  Serrin  regulator,  though  in  what  the  improvement 
mtroduecd  m  it  by  M.  Lonlin  really  consists  we  are  not  iuformetl 
Like  llie  Serrin  lamp,  it  13,  doubilcBs,  rather  ctratly.     No  reliable 
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figare8  have  been  publisher],  so  far  as  we  can  learn,  concerning 
the  cost  of  pro.lucing  light  by  thia  ayj^tom,  but  it  is  believed  to 
S  ml  ]Qfi3  than  that  of  the  JahloclikoH  landle  supplied 

b)  »M^  ^...Muinc  maeliiiie,  which  wc  Iiave  already  given  aa  about 
lw«lvoor  thirtiHMi  cento  per  light  j>cr  hour,  not  including  expense 
of  ropaixa,  depn  '•»%  npon  original  outlay. 
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It  ia  Stated  that  the  lighting  of  the  Gramme  "workBhop,  in 
Paris,  a  room  about  forty  foct  square  an<l  sixteou  feet  high,  has 
been  maintained  during  four  or  five  years  past  by  a  single  light 
takinj^  tho  plaoo  of  twenty-five  buraera,  and  at  a  cost  not  exceed- 
ing twelve  cents  ]>er  hour. 

The  Ducommun  fonmlrios,  at  Mulhouse,  among  many  other 
places  abroad,  have  also  been  lighted  with  electricity  for  the 
past  thri?c  ycara  or  more,  and  wc  refer  to  them  here  liocause  of 
the  details  which  liavo  been  made  public  in  regard  to  tijo  nppU- 
cation  and  use  of  electricity  ia  this  case.  One  enclosure,  about 
one  hundixKl  and  eighty-four  feet  long  and  ninety-two  broad,  is 
hghtcil  by  means  of  four  Serrin  lami)S,  supplied  from  a  like 
number  of  Gnimme  machines.  The  lamps  are  placed  about  six- 
teen feet  above  the  floor,  seventy  feet  a|>art  in  tlic  direction  of 
length,  and  fiirt3--six  feet  in  the  ilirection  of  wiJth,  Scarcely 
any  shadows  are  given,  as  tho  cross  rays  of  the  lamps  are  such, 
when  i>laced  as  above,  as  to  illuminate  the  different  i>arts  of  the 
room  almost  equally  well.  TUe  total  cost  of  the  complete 
equipment,  including  machines,  lamps  and  placing  of  tho  same 
for  senic^*,  amounted  to  ab()Ut  two  thousand  dollars,  which  is 
near  what  it  would  have  cost  to  put  in  two  hundred  and  fifty 
gas  burners,  while  tlie  light  produced  with  the  present  orrange- 
tnent  really  exceeds  that  from  four  hundred  bumcis. 

A  comparison  of  tho  cost  of  lighting  this  foundry  by  gas  aiu^_ 
electricity  is  here  given,  on  the  authority  of  M.  Fontaine.  ^| 
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From  llie  preceliiig  table  i t  would  appear,  that  witli  equal  light 
emi&iion,  tlie  electric  light  in  tliia  ease  costs  less  than  gas,  in  the 
Qtio  of  aliout  1  to  2*26,  with  interest  and  detci'iomtiun,  and  of  1 
to7"17  without  interest  and  deterioration- 

Before  coneluding  tlio  chapter,  wo  «hould  say  tliat  tlio  relative 
CQStoE  gas  and  eleetric  lighlitig  givcu  al)ovc,  and  wlm;h  does  uot 
ifpearto  differ  materially  from  the  cost  under  aimilar  circam- 
slaocca  in  this  country,  is,  after  all,  only  another  example  of 
ligbUDg  ou  a  largo  scale^  in  which  case,  as  beforti  stated,  tlie 
electric  light  can  be  cm])loy©d  to  the  greatest  advantage.  For 
Ac  illuniiuation  of  small  apartments  and  for  private  liouses, 
Wever,  where,  comparatively  siH3aking,  a  small  ligJit  only  is 
wanted,  and  that  at  llie  lowest  cost,  the  foi-egoing  advantages  are 
not  80  apparent  It  would,  however,  be  premature,  cousidering 
the  iiumber  who  are  devoting  their  attention  to  this  fttibjoct,  and 
*l»c  consequent  nipidly  increasing  application  of  electricity  aa  a 
fionrce  of  illumination,  to  assert  tliat  this  agency  may  not 
ultimately  be  made  to  yield  corres^wuding  advantages  on  a 
bmII  Bpale^  though  it  is  none  the  less  c\ndcnt  now  that  other 
impiovemenis  will  first  have  to  be  made. 

Sdco  the  foregoing  was  put  in  type  wc  have  received  a  very 
uitfrotiDgcomtuuiiicatiou  from  Mr.  Moses  G.  Farmer,  outhe  «ub- 
j««t  of  electrical  lighting,  which  we  give  herewith.  Its  inijiorl- 
atice  ia  this  connection  U  amply  shown  in  the  amount  ttf  general 
iiifonnalion  it  contains,  and  which  Mr.  Fanner's  laige  experience 
Wudera  him  so  eminently  able  to  give. 

In  the  summer  of  1858,  while  reading  of  the  vciy  interesting 
KcpcrimenLs  of  Prof.  T)rA\-\cr  on  the  heat  and  light  evolved  by  a 
ftialinara  wirr,  which  w-.v*  tmverscd  by  tin  cle*^ttric  current,  I  was 
rtniclc  by  the  rapid  increase  in  the  auiountof  light  given  out  as 
^  temperature  of  the  wire  approached  the  point  of  fusion,  and  it 
•tnjck  me  that,  if  the  temperatoro  of  the  wire  could  be  steadily 
naintftinod  quite  near  the  melting  point,  a  tiBcfiU  light  could  be 
obtained  from  it  I  was  not  long  in  devising  a  combination  of 
dectminagnets,  rheostats  an<l  batteries  that  would  give  the 
deairod  result,  and  early  in  1859  I  put  the  idea  into  successful 
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and  practical  execution,  and  wo  had  a  beautiful  light  in  use 
m^'  liuusc  iu  SaU'iiu 

1  at  -once  entered  upon  a  jirotracted  investigation  of  the  con- 
ditions wliich  govern  the  management  of  the  cun-cnt^  the  con- 
struction of  rlieostats,  the  arrangement  of  lamp,  etc.,  and  tb 
best  propoiiSm  of  length,  width  and  thickness  of  the  Uliirain 
ator.  I  tned  various  substances  iu  the  course  of  my  invest!, 
lion,  such  as  copper,  aluininura,  platinum,  iridium,  palladi 
iron,  nickel,  carbon,  etc 

Pure  iridium  gave  the  best  results  of  any  of  the  meta 
Allovs  of  indium  and  platinum  gave  next  best  results,  and  next 
to  thi.-i,  platinum  and  palluilium.  Carbon,  when  ioeloscd  in  an 
atmosphere  free  from  oxygen,  also  gave  satisfaclory  result& 
Nitrogen,  carbonic  oxide  and  hydmgcn  are  all  suitable  gases  to 
surround  the  incandescent  carboiL  A  vucuuiu  is,  ]>erhaps, 
better,  were  it  not  for  tlie  difficulty  nf  maintaining  it  | 

The  important  \^)mt  is,  that  the  higher  the  tenijxrrature  of  the 
incandescent  sulwlanee,  the  givator  the  amoiuU  of  light;  and  it 
\a  very  noteworthy,  that  it  requires  nearly  lialf  as  much  currcni 
to  make  platinum  shine  in  the  dark  as  it  docs  to  fuse  the 
or  ribbon.  Three  quarters  of  the  fusing  current  will  not  givi 
one  half  the  light  that  will  be  given  oflE  by  seven  eighthis  of  t' 
fusing  current  A  flat  ribl»oii  uf  platiimm  will  give  nwirlv  oni 
hundred  candle  lights  per  square  inch,  if  it  be  maintained^ 
within  t^vo  humbed  degrees  Fahrenheit  of  the  melting  ]K>int, 
and  I  have  been  able  to  kec])  it  at  this  temperature  for  hours 
and  duys.  A  bar  of  pure  iridium,  owing  to  its  liigher  melting 
point,  «nU  give  scleral  times  as  much  light  as  an  equal  an 
equally  cxposeii  surface  of  platinum  :  but,  since  pure  iridimn 
neither  malleable  nt»r  ductile  when  cold,  it  is  costly  to  work  it 
into  convenient  shape ;  houce,  I  have  had  recourse  to  alloys  uf 
platinum  aud  iridium,  which,  although  they  do  not  give  so  much 
light  as  pure  iridium,  are  yet  su(>erior  to  pure  platinum.  The 
platinum  does  not  seem  to  waste  perceptibly,  yet  1  think  I  have 
detected  a  tendency  to  volatilizatioo. 

The  resistance  of  platinum,  at  th«  meltiiig  ptnntf  is  nearl/ 
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seven  times  its  resistance  at  thirty-two  degrees  Fahrenheit  A 
very  simple  empirical  formula  expresses  the  relation  between 
the  strength  of  current  needful  to  melt,  and  tbe  dimenaionH  of 
^e  wire,  and  this  forinulu  serves  as  well  for  other  suUstaiicea 
« for  platinum,  when  the  proper  tcmstanti*  are  suppUcd 

I  found  no  difficulty  in  subdividing  the  current  \uU>  Hin  many 

l>nuiclic8  us  I  pleased,  and  in  maintaining  ii»  inatiy  lamps  as  I 

tiesired  in  each  branch,  provided  I  had,  at  my  control,  sufficient 

tWiro-niotive  force  and  conductivity.     I  found  that  less  ilian 

tvro  hundred  foot  pounrls  per  minute  would  maintaiti  one  candle 

'igbt,  if  the  piece  of  platinum  were  of  suitable  form  and  dimen- 

^ns.     It  was  easy  to  supply  current  to  any  desirable  number 

"f  branch".^,  and  to  sa  adjust  the  ivgulalor  that,  if  one,  two  or 

'Oi^ee  lA  the  branches  were  removed  or  cut  off,  the  supply  of 

L'^eetricity  would  be  so  curtailed  as  to  maintain,  at  the  proper 

^^^pcralure,  the  lamps  in  the  remaining  liranches. 

3Vly  mgulator,  as  I  used  it  in  ISt'fi,  1867  and  18fi8,  was  so  .sen* 
^«  vc  as  to  feel  the  eurn-nt  of  air  arising  fnmi  tiie  opening  and 
s"<itting  of  a  door  of  the  room  in  which    the   apparatus   was 

r  had  this  apparatus  ()n  exhibition  at  109  Court  Street,  in 

^«^*su>n,  during  the  years  1865,  1806,  18tt7  and  18ti8,  until  it  was 

tntyed  by  fire.     Since  that  time  I  have  been  almost  o^ntinu- 

"Valy  engai!;ed  in  making  further  re,tearchps  in  this  din-ctioTi ; 

*^V'e  8tudie<l  llic  conditions  under  which  iiicaiidesc-ent  bars  of 

^'^^-fhoji  ean  be  used  in  sealed  globes,  and  have  studied  the  cou- 

i**  ••fiction  of  magneto- electric  machines  liest  adapted  to  this 
There  are  four  principal  methods  of  producing  electric  light, 
^n  which  I  have  liest^riwod  much  attention  : 
The  first  method  is  that  in  which  an  electric  arc  is  maintained 
o^Mwccn  cjirlMui  points.  It  is  well  knitwn  tliat  a  counter  eleotn)- 
^otive  force,  or  polarizing  force,  is  encountered  in  the  pa'=Lsage 
*^t  the  current  between  the  electrodes,  and  this  polarization  ia 
^ten  as  great  in  amount  as  twenty  or  thirty  vidts. 
The  resistance  to  conductivity  in  the  arc  varies  also,  being  less 
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as  the  cross  section  of  the  are  increases,  less  as  the  temperature 
increases,  also  as  tlic  length  of  the  arc  diminishes,  following  the  \ 
laws  of  conduction  in  fiuids  and  liquids.  With  carbon,  one  ! 
quarter  inch  square,  and  a  current  of  from  twelve  to  twenty 
veljera,  the  resiptaxice  of  the  arc  may  bo  set  down  at  ten  to  thlr-  | 
teen  ohms  per  linear  inch  of  an;,  varying,  however,  between  l 
wide  limits..  I 

With  carbon  one  half  inch   pqnarc,  and  current  of  fifty  or 
more  vebers,  it  is  much  lesa     The  best  prepared  carbon  weighs      i 
more  than  an  avoirdupois  ounce  per  cubic  inch. 

The  iTsistanpe  of  carbon,  uidiico  that  at  mclJils.  docs  not  vary 
greatly  with  the  changes  of  temperature.  The  resistance  of 
some  s|)ecinien8,  which  I  have  tested,  is  al)Out  lifteen  hundrtxl  or 
sixteen  humlrfd  times  that  of  pure  copper,  at  thirty-two  degrees, 
while  the  spcciiie  resistance  of  other  5i>ecimens  is  at  least  twice 
as  great 

Tlie  light  evolved  is  due  in  considerable  measure  to  the  oxida* 
tion  of  the  carbon  by  the  atmosphere.  Much  of  the  light  is, 
however,  due  to  the  enei-gy  of  the  current,  and  this  depends  on 
tlie  density  of  current  in  the  arc  ^M 

A  second  mcthwl  of  jjroducing  eleetric  light  is  by  rendering  '^ 
a  continuous  bar  of  carbon  incandescent  in  the  air  by  the  pas- 
sage of  a  current  of  sufficient  clensity  to  raise  its  temperature  to 
a  wliive  heat  Here  much  of  the  liglit  is  due  u>  the  supei-ficial 
oxidatirm  of  tlie  carlxjn  bar,  and  this  may  perhaps  prove  to  be 
the  most  economical  method  of  producing  it  jU 

The  third  method  is  by  enclosing  the  carbon  bar  in  a  closed 
transparent  globe  freti  from  oxygen.  In  this  case  the  earbi^n  is 
not  consumed,  but  the  light  is  wholly  due  to  the  energy  (RS*) 
of  the  current  acting  on  the  l>ar. 

The  fourth  metho<l  is  that  of  rendering  some  of  the  metals, 
with  high  (nclting  points,  incandes^rent  by  the  {MBsage  of  a  cur- 
rent of  grftit  density. 

This  is  the  method  to  which  I  have  given  most  attention,  and 
which  promises  to  be  the  most  convenient  for  minutnly  sub- 
dividing and  widely  distributing  electric  light,  esiwcially  for 
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domestic  ill nmi nation.  An  entirely  new  field  for  electric  engi- 
aeers  is  th«s  ojx'ned,  in  which  our  ftccumulated  stock  of  know- 
ledge will  be  most  usefully  employed. 

Previous  to  my  iuvestigations,  Gunliner  and  Blossom  Lad 
experiinented  on  nnd  patented  u  signnl  Innip,  which  was  illumi- 
nated by  a  coil  of  platinum  wire,  Iteated  by  the  passage  of  a 
current  of  electricity  from  a  galvanic  batter)'. 

King,  Staitc  and  others  had  SLndied  the  luse  of  carbon  bars 

in  sealed  gloI)e>s,  and  had  proposed  nietliods  that  wonid  have 

been  apiplicable  and  usefnl  had  there  been  any  cheap  and  oon- 

veuient  source  of  electricity.     I  found  that  a  current  from  a 

galvanic  battery  incrcaswl  tlio  cost  of  electric  light  to  three  or 

four  timea  the  cost  of  light  from  gas ;  and  to  remove  this  source 

<rf difficulty  I  turned  my  attention  t(»  the  thermoelectric  battery 

in  1864-6,  just  then  I)eing  bmught  into  notice  by  Marcus,  of 

Berlin.    I  was,  however,  never  able  to  utilize  more  than  one 

tlirec  hundredth  of  the  energy  possessed  by  a  j>ound  of  coal  in 

this  form  of  electro-motor ;  and  so,  in   18f;5-6-7-8,  I  turned 

D*y  attention  to  the  perfection  of  a  form  of  magneto-electric 

"lachine  which  I  had  conceived  of  in  1869,  namely,  one  in  which 

•^e  QiUTcnt  derived  from  the  armature  should  maintain  the  field 

***  force  in  which  it  revolvc<l,  and  also  perform  the  useful  work 

'^  the  e-xlemal  part  of  the  ciruuiL     I  succeeded,  in  1866,  in 

**^  far  pcrfw^ting  this  nppiiratus  as  to  be  able  to   give   some 

*^*>uut  of  its  (performance  to  Mr,  II.   Wilde,  of  Manchester, 

^-'igland,  in  October,  1866,  and  an  extract  from  ray  letter  to  him 

^as  published  in  tlie  Manchester  JPhilosophical  Magazine,  if  I 

Recollect  rightly. 

From  all  my  researches,  I  conclude  that  when  light  is  pro- 
^tioed  in  large  amounus — say,  five  thousimd,  li.'n  lliousand.  fifteen 
^Usond  caiidle  lights — from  one  limip,  as  much  ixr  eight  hun- 
■W  to  twelve  hundi-ed  candle  lights  can  be  obtained  from  the 
expenditure  of  one  horse  power  upm  a  suitable  d\*namo  electric 
Owchine  and  jjroperly  pre]>ared  and  utilized  carlmn. 

Now,  wlnlc  It  is  remembered  that  as  much  as  two  thousand 
or  three  thousand  foot  pounds  of  energy  per  minute  [)er  candle 
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light  is  consumed  in  tho  pnxluction  of  light  from  ordinanr 
illuminating  gas,  it  will  be  apparent  that  a  large  Held  is  opened 
for  the  introduction  and  utilization  of  the  electric  light,  which 
often  requires  the  expenditure  of  less  than  one  hundred  loot 
pounds  of  cneiT^  per  minute  per  candle  light 

A  great  deal  has  been  said  and  writlcii  about  the  difficulty  of 
subdividuig  the  electric  light  Now,  there  is  really  no  difficulty 
except  that  which  arises  from  inexpcrient*  and  the  l:ick  of  skill. 

If  a  wire  of  jMirc  platinum  five  inches  long  and  one  hundredth  I 
of  an  inch  in  diameter  be  traversed  by  a  current  of  electricity  | 
somewhat  more  than  five  and  less  than  six  vebers  in  streugtli,  it  i 
can  be  maintained  at  a  temperature  quite  near  to  the  point  of  j 
fusion,  an<l  while  in  this  condition,  it  will,  in  the  common  at;^H 
raosphcre,  emit  something  more  than  three  candle  lights,  and^^ 
just  below  the  melting  point  the  light  will  be  between  four  and  ^ 
five  caudle  lights.  ^M 

If  the  light  be  enclosed  in  a  glass  globe  and  surrounded  by^i 
hydrogen  gas  it  will  radiate  lese  light  The  resistance  of  ihe^j 
wire  at  tho  melting  point  will  not  be  far  from  one  and  a  quartei^| 
ohms  if  the  platinum  l>e  pun- ;  hence  tlie  energy  active  in  tho^^ 
wire  with  a  current  of  live  and  a  half  vebers  (which  it  will 
ordinarily  withstand)  will  not  be  far  from  44^X(5i)*Xl-25= 
167S  foot  {>oumls  per  minute^  and  if  it  giv«  four  and  a  ha 
I'lUhilc  lights,  which  it  wdl  do  if  the  surface  of  the  platinum 
highly  polished,  wo  should  require  '^  y=^ay  870  foot  pounds 
eneigy  per  minnte  pt>r  candle  light 

Now,  if  one  huudml  such  wires  be  put  in  series  in  a  circuit,  tli 
sum  of  this  ivsistance  would  be  one  humlred  and  twenty-five  ohiua, 
and  it  would  n-quire  a  liifferenoe  of  potenti.il  equal  to  125X^ 
=:637i  volts  to  maintain  this  strength  of  current  of  Sve  and  a 
half  vebers  and  we  should  get  in  the  aj^icgate  tive  humlrcd  or 
move  candle  Ughts.  I 

It  further,  we  shoidd  amnge  tea  sudi  circuits  in  multiple 
arc,  having  one  hundred  light*  in  each  of  the  ten  branches,  we 
should  find  the  joint  tvsistaooe  of  thb  part  of  the  circuit  re- 
duced to  twelve  and  a  h&lf  ohms:   but  it  woold  now  reqnirs 
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current  of  fifty-five  vebere'  strength  to  keep  the  lamps  all 

[fthining,  and  the  diffrrenco  of  potential  I'equired  to  maintain  the 

lone  thousand  lights,  en<h  from  three  to  five  candles,  wonki  still 

[he  six- hundred  aud  eighty-seven  and  a  half  volts;  Uut  we  should 

nnw  hive  five  tlinuwirul  oAndIc  lights  instead  of  five  hundred, 

Mid  the  energy  absorbe«l  in  this  port  of  the  circuit  would  be 

,  .    44.25  X  12.6  X55«  r       ^/     i 

(Kiotl  ii> ^.>  000 ^^  more  than  fifty  horee  power  to 

maiutain  the  five  thousand  candle  lights  or  one  huudreil  candle 
lights  per  horae  jwwer.  But  it  must  be  reinemV>ered,  that  this  is 
not  all  the  energy  contJumed  in  the  production  of  tlie  light; 
iliifl  is  only  tlie  useful  energy. 

Besides  thL**.  there  is  the  It  S'  consumed  in  heatinf;  the  leading 
and   distributing  wires,  idso  that   consumed  in  the  uiagneto- 
elecmc  machines  or  whatever  pouive  be  employed. 
Tliis  may  he  represented  )>y  B  S*.  wlierein  B  represeiita  the 
lenial  resistance  of  the  electro-motor,  and  can  be  made  as 
I  one's  purse  will  allow. 

bis  basis,  let  us  suppose  a  city  of  five  hundred  thousand 
iakaHtanls  to  be  furnished  with  electric  light  from  platinum 
lampe,  one  of,  say  ten  candles  to  each  inliabilant.  The  aggregate 
amount  ol  ligiit  would  be  five  million  candles;  and  if  only  one 
Irtindrcd  cauille  lights  were  obt'uued  from  one  horse  power, 
ffcslmnld  then  require  fifty  thousand  horse  power  to  furuish  this 
^oudiof  light,  leaving  alone  the  energy  consume*!  in  its  pro 
(iuctionand  distribution,  which  would,  withoutdoubt,  exceed  this 
^^uitt,  or  nearly  so,  with  tlie  best  machine  now  in  use. 

If  Ton  turn  t^>  the  account  of  the  experiments  on  the  Brush 
BgK  u  oxceutofl  at  t^ie  Franklin  Institute,  you  will  ttud  tlmt 
toe  Cost  of  pnxl  notion  was,  on  the  average,  in  excess  of  one 
"•1^ hundredth  of  a  horse  [»ower  per  candle  light;  and  this,  too, 
*'tli  carbon  points,  and  with  light  in  greater  amount  than  ten, 
fifteen  or  fifty  candle  lights  per  lamp.  Now,  it  is  well  known 
llutt  tJie  greater  the  amount  of  light  at  any  souice,  the  greater 
ll>e  economy,  and  so  &  five  or  ten  thousand  candle  tight  costs 
t  per  candle  than  does  a  ten,  fifteen  or  twenty  caudle  light 
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If  next  we  consider  the  incandescent  carbon,  in  an  atmos- 
pliere  free  frora  oxygen,  as  in  King's,  Staite'a,  KoslolTa,  and 
otKer  lamps  of  this  class,  we  shall  find  that  a  carhon  rod  three 
eighths  of  an  inch  in  length  aad  ouc  thirtieth  of  an  inch  in 
diameter  will  offer  a  resi.^^taiice  of  not  far-  from  half  an  ohm» 
whether  it  be  cold  or  hot,  and  such  a  bar  will  bear  a  current  of 
from  ten  tfj  fifty  veberfi'  fttrength  for  a  time,  without  injury, 
and  will  give  a  soft,  mild  and  very  pleasant  light,  not  too  con- 
ceutmted,  but  very  desirable;  and,  as  witb  the  platinum  lamp, 
many  of  these  hurij^s  can  be  put  in  one  circuit,  and  many 
branch  circuits  in  multiple  arc  can  be  heated  simultaneously  by 
one  source  of  electricity,  provided  it  have  Rutllcient  electro-mo- 
tive forL-e  and  conductivityj  and  tlie  light  will  Ixi  more  economi- 
cal than  from  platinum,  because  the  carlxm,  when  thus  protected, 
will  withstand  a  higher  temperature  than  will  the  platinum. 

Next,  we  will  consider  the  electric  light  produced  by  the  arc 
between  carbon  points.  If  we  have  two  suiLible  carbon  rods, 
each,  say,  live  sixteenths  of  an  inch  diameter,  and  separated  to 
the  distance  of  about  one  sistecntli  of  an  incli^  and  apply  to 
these  electrodes  a  souire  of  electricity,  which  has  an  electro-mo* 
tJvi'  force  of,  say  seventy  volts,  and  an  internal  resistance  of,  say 
three  ohms,  we  shalK  after  establishing  the  arc,  find  a  current 
developed  of  about  eight  or  ten  vebei-s,  and  a  light  produced 
equal  til  from  one  hundred  to  four  hundred  caudle  lights. 

If  the  resistance  (four  ohms)  of  the  circuit  were  all  metallic, 
tbe  current  developed  would  be  in  amount  equal  to  sixteen  or 
seventeen  vebei-s ;  but  the  electric  arc  behaves  like  an  electro- 
lyte, and  offers  a  counter  electro-motive  force,  and  so  the  actiud 
electro-motive  force  in  the  circuit  may  be  thus  represented : 
E  —  e,  where  E  is  the  electro-motive  force  of  the  machine*  and 
—  e  the  counter  or  polarizing  force  of  tlie  are.  If,  now,  I  rep- 
resent the  resistance  to  conductivity  of  the  arc,  B  the  internal 
resistance  of  the  battery  or  machine,  aud  r  that  of  the  leading 
wirtjs,  then  the  strength  of  current  active  in  the  circuit  will  be 

The  value  of  e  varies,  and  all  tlie  conditions  of  its  -variation 
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not  yet  well  understood.  It  is  sufficient  for  our  present 
^UT^ose  to  know  that  it  is  sometimes  as  high  .is  twenty  or  thirty 
voltEs  and  that  the  resistanco  to  conductivity  iu  the  arc  is  often 
fifi  hig^b  as  fifteen  or  sixteen  ohms  per  lineal  inch  of  nrc,  being 
much  smaller  wlien  the  light  is  very  great,  say  when  it  is  ten  or 
fifteen  tljoiisimd  Ciuidles. 

With  this  basis,  suppose  our  magneto-electric  machine  or  gal- 
vanic battery  possesses  an  electro- motive  force  of  Revcnty  volts, 
md  an  internal  resistance  of  three  obuis,  it  will  inainUiin  an  arc 
between  carbon  pointy  and,  with  care,  this  arc  can  be  made  to 
exceed  one  sixteenth  of  an  inch  in  length,  if  the  carbons  l;>o  of 
good  quality.  Now,  let  us  construct  a  machine  with  one  hun- 
dreil  and  forty  volts  intensity,  and  with  an  internal  resistance 
not  much  greater  than  three  ohms,  at  least  not  so  great  as  six 
ohma  We  can  now  maintain  two  shore  arcs  in  series  in  tliis 
circuit,  each  giving  considerable  light  With  careful  manipuln- 
lioii,  even  tlirco  arcs  could  bo  simultaneously  maintained  with 
such  a  machina 

If,  now,  our  electromotive  force  were  raised  to  or  in  excess  of 
hundrc<.l  volts,  wo  might  maintain,  possibly,  as  many  as 
len  arcs  in  one  circuit :  but  the  feeding  mechanism  of  the  lamps 
would  need  to  Ik;  well  constntctod,  aceuratoly  adjusted,  and 
rendered  sensitive  to  slight  variations  in  the  strcngtli  of  the 
current 

Suppose,  further,  that  our  machine  has  still  an  cloctro-motivc 
force  of  seven  hundred  volts,  but  now  its  internal  resistance  is 
rednccd  to  one  tenth  of  an  ohm,  I  doubt  not  tliat  five  or  more 
such  circuits  of  ten  lamps  each  could  be  run  in  multiple  arcs  by 
the  aid  of  this  machine,  as  it  is  not  probable  that  all  the  lamps 
in  one  branch  would  go  out  at  once. 

I  have  maintainefl  tlu-eo  or  four  brancli  circuits  in  action  at 
the  same  time,  each  branch  having  one  lamp  in  it 

I  find  it  much  more  difficult  to  run  a  few  lights  iu  each  branch 
drruit  than  it  would  be  to  run  several,  if  the  consitniction  of  the 
machine  be  suitable  and  tlie  jxjwer  ample,  as  tho  laws  guverning 
the  strength  of  current  in  branch  circuits  show  would  happen. 
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To  sum  np,  then,  the  electric  light  question,  there  are  many 
good  and  well  kuown  magueto-electrio  machines  £nie  to  the  pub- 
lic to  use,  for  iustjmce,  the  Saxton,  tlio  Siemens,  Car|)entcr, 
Shepanl,  and  many  others ;  then,  too,  there  is  tlie  platinum 
lamp  of  Gardiner  and  Blossom ;  the  iucaudescent  airbon  lamps  ^A 
of  King,  Staite,  and  othcra.  ^M 

Besides  thcs*!!  there  are  the  carbon  point  lamps  of  Browning, 
I)ulx)squc  Serrin,  Siemens,  and  many  more,  which  are  all  free 
to  the  public^  and  hampered  by  no  patents ;  no  carbon  \)oini 
lamp  need  be  better  than  tht-  Serrin,  when  pro[)crly  constructed, 
as  it  can  be  run  for  hours  without  flickering,  or  going  out,  if  the 
carbons  be  good,  the  lamp  well  made  and  properly  adjusted,  and  , 
if  the  machine,  which  supplies  the  current,  bo  of  ample  |)ower.  ^B 

Light  to  the  amount  of  from  one  hundred  to  one  thousand^^ 
candles  per  horse  power  can  be  obtained  from  some  of  these 
machines  and  lamps,  while  at  best  not  more  than  twenty  five 
thirty  caudle  light  cau  be  obtained  from  one  horse  power's  wo] 
of  gns. 

So  let  mo  here  rei>cat  what  I  in  substance  published  in  the 
Scientific  American,  a  few  years  since,  namely,  that  one  pound  of 
coal,  if  used  for  making  gas,  would  yield  enough  to  supply  a 
candle  light  or  its  equivalent  for  about  fifteen  hours. 

One  pound  of  the  gas,  when  made  and  burned,  yields  a  candle 
light  for  seventy-five  hounii,  Furtlier,  one  pound  of  coal,  burnal 
in  a  gooi,l  furnace  under  a  goi)d  boiler,  will  furnish  sufficient 
steMn  to  drive  a  good  steam  engine,  and  if  a  magneto  electric 
machine,  for  a  sufficient  length  of  time,  to  furnish  an  electric 
light,  which  in  intenstty  and  duration  shall  be  the  equivalent  of 
one  caudle  light  for  one  thousand  hours. 

But  if  all  the  energy  locked  up  in  one  pound  of  carbon  could 
be  lil>er«ted  and  tvurertod  wholly  into  liglit,  it  would  be  equiva- 
lent to  t}ukt  given  by  one  candle  during  one  and  a  half  years,  if 
«U  coooeatmto)  in  ono  eooree, 

HciK«i  \e%  experimenters  take  oonn^re,  and  try  to  till  this 
oharm  between  otic  thousand  hours  and  one  and  a  lialf  years  I 

When  we  akftU  aee  iba  eloetric  light  distiibatei  in  our  dwell' 
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ings  it  may  prove  a  source  of  pride  to  Salem  to  call  to  lairnl  that 
this  lKM>n  met  with  i\s  first  succ^„•ss  in  that  city,  where  a  parlor,  in 
Pearl  Sti-eet,  was  lightei  every  evening  during  the  month  of  Juiy, 
1859,  by  the  cloclric  light,  and  was  undoubtedly  the  first  private 
dwelling  house  ever  lighted  hy  electricity. 

A  galvanic  battery  furnished  the  electric  current,  which  was 
«onvryed  by  conducting  wires  to  the  mantel  piece  of  the  parlor, 
where  were  located  two  electric  lamps.  Kither  lamp  cotdd  be 
lighte*!  at  pleasure,  or  both  at  once,  by  dimply  turitiug  u  little 
button. 

This  light  was  soft,  mild,  agreeable  to  the  eye,  and  more  de- 
lightful lo  read  ar  sew  hy  than  any  liglit  ever  Sf'cn  befoi-e.  It 
was  dificontinued,  for  tiie  re-ason  that  the  acids  and  zinc  consumed 
in  the  battery  made  the  liglitcostalwnt  four  times  as  mncli  as  an 
equivalent  amount  of  gas  liglil.  Now  that  we  can  have  chcaji 
tiectricity  from  the  dynamo-electric  machine,  we  may  soon  exfjccl 
belli.T  tilings  of  it 

A  wonl  as  to  the  cost  of  electric  light  as  compared  with  light 

from  gas.     Perhaps  on  the  average,  one  pound  of  illuminating 

gas  will  give  seventy-five  candle  lights  per  hour.     One  |x>\md  of 

illuminating  gas  possesses  a  sufficient  store  of  energy  tu  enable 

it  lo  give  out  by  combustion,  about  twenty  thouBand  uniU  of 

iieat,  or  the  equi^Tilent  of  about  .sixteen  million  foot  jK>und.s  of 

«ork.     This,  if  burned  in  an  hour,  would  avenige  about  two 

hundred  aud  fifty  thousand  units  of  work  per  minute,  or  about 

liiirty-five  hundred  foot  jrouuds  |>cr  minute  per  caudle  light 

Avery  large  electric  light,  say  ten  thniLsand  candles,  does  not 
wosiime  more  than  twenty  foot  pounds  of  energy  per  minute  per 
landle  light,  and  even  a  small  electric  light  of  twenty  citudles 
need  not  connume  more  tlian  two  huudnnl  Uyol  pounds  ]j«r  min- 
ute por  candle  light  So  it  might  not  seem  extravagant  to  ex- 
P«l  that  one  pound  of  gas  per  hour  could  be  burned  in  a  suit- 
^k  Inmace  under  a  proper  lK>iIer,  and  steam  be  taken  from  the 
boiler  to  a  steam  engine  to  drive  a  magnetic  electric  machine, 
wkidi  should  supply  five  electric  lamps  that  would  give  more 
l^Iit  than  live  gas  lamps,  each  consuming  one  fifth  of  a  (Mjund 
<>t  illuminating  gas  per  hour. 


CHAPTKR   IIL 

THK   EPISnX    INXANDESCKNT  ELECTRIC   UOHT. 

The  incandescent  syatem  was  first  represented  by  lamps  made 
from  an  incandescent  platinum  wire,  but  ihoy  did  not  prove  w> 
be  sAtisfaetorv,  principally  because  of  the  disaggregation  and 
purtiul  fusion  of  the  wire,  and  in  spite  of  tlie  numerous  im- 
provemcnts  made  by  Mr.  Kdison,  who,  by  one  of  ilie  most  in- 
genious of  ])rooessc9,  ha<l  rendered  the  platinum  more  infusible 
and  hardtT,  still  it  hail  lo  be  absolutely  rejected,  at  least  fo^H 
oniinnry  lainjia.  Then  it  vras  snggestetl  to  emphw  carbon^" 
which,  if  not  allowed  to  burn,  is  infusible  in  the  highest 
heat  developeil  in  the  lum|is,  and  different  arrangements  oE 
apparatus  wore  put  ti»gt'llicr  at  various  limes  by  King, 
Ixidyguine,  Bouligixine,  Swan,  Sawyer,  and  others,  some 
avoiding  combustion  by  inclosing  l!ie  lamps  in  receptacles 
where  a  vacuum  had  been  obtained,  others  by  filling  these  re- 
ceptacles with  gases  unfit  for  combustion,  as  nitrogen  or  oxide 
of  carbon,  or  simply  by  leaving  the  air  shut  up  in  the  receptacle 
to  be  vitiated  by  an  incipitMit  combustion.  ^B 

All  thcM  attempts  had  but  partially  succeeded,  to  say  nothia^H 
more,  when,  in  1879,  the  new  incandescent  carbon  lamp  of  Mr. 
£(tison  waf  ann(iimce<1,  and  many  scientists  at  home  and  abroad 
were  inormlulous  as  to  iho  correctness  of  the  favorable  report* 
which  were  published  in  rc^^ard  to  it,  amongst  whom,  in  partic- 
ular, was  Count  Du  Moncol.  who  has  since  published  a  highly 
appreciative  account  of  tlic  &lison  lamp  at  the  Paris  Exhi- 
bition. The  carbonized  paper  horse-shoe  appeare<l  incapable  of 
resisting  mechanical  sluKik  and  of  iupjiortiug  incandescence  for 
any  laugtli  of  time.  At  tliis  c)x>ch  Mr.  Swan  himself  said  tliat 
tip  to  that  trnc  \to  had  not  been  able  to  obtain  any  very  satis- 
factory result  by  an  analogous  dispositton  ot  the  incandesoent 
organ. 
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otwhlistantliug  the  abun<laTit  opportuuiiies  for  inve*tiga- 
t  on,  tlie  impression  is  atil!  a  very  general  one  in  the  comraunity 
that  the  Edison  light  ie  nn  arc  light  differing  in  degree  only 
from  other  arc  lights.  So  far  fr<im  this  being  the  case,  tlie  Edi- 
sun  light  is  not  only  not  an  arc  iiglit,  but  il^  invention  and 
introduotioit  mark  a  new  and  imj^tortant  era  in  the  subject  of 
flectrie  lighting.  The  Kdison  light  is  designed  to  take  the  place 
of  the  ordinary  gas  jet  to  whicli  we  have  been  accustomed  for 
fio  many  years.  To  give  in  detail  the  hiatory  of  the  invention 
and  perfection  of  the  K<li9on  syRlem  of  lighting  would  occupy 
toomach  time  and  space,  including,  as  it  does,  the  laborious  toil 
ind  patient  research  of  many  yeara.  Such  a  history  would  be 
exceedingly  interesting  to  the  scientist,  but  it  would,  perhaps, 
fail  lo  interej*t  the  general  reailor.  We  shall,  therefore,  confine 
ourselves  in  this  work,  more  particularly,  to  a  general  descrip- 
tion  of  the  system,  and  its  oonstituent  parts,  and  to  its  practical 
use. 

In  dLsoossiog  the  Kdison  system  of  electric  lighting  there  are 
to  be  oonsideredi  first,  the  dynamo-electric  machine ;  second, 
the  c<inductors  and  tlieir  n<x'essories ;  thinl,  the  lamps;  and 
foanh,  the  other  ixiiistituent  parts  of  the  system — all  of  which 
*re  radically  different  from  any  others. 

m  This  machine  (Fig.  59)  consists  of  a  powerful  electro-magnet, 
between  tiie  poles  of  which  an  armature,  or  inducing  coil,  re- 
volves. The  magnet  is  composed  of  iron,  jwrt  of  which  is 
wound  roand  with  insulated  c»5pper  wire,  the  ends  of  which  are 
WHinectod  fioas  toform  a  complete  circuit.  The  armature,  or 
loduciug  c'jil,  is  coniposcd  of  an  irtm  base,  this  also  being 
»OQnd  round  lengthwise  with  insulated  copper  wire,  the  etifls 
of  which  are  connected  to  a  smaller  cyUiuler  seen  in  Fig.  59, 
"bich  is  merely  part  of  a  mechanical  contrivance  for  collecting 
tho  currents  generated.  Tim  dynamo  having  been  assembled 
in  the  shops,  it  is  then  started  as  an   electrical  machine  in  the- 
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following  manner :  An  ordinary  chemical  battery  is  connected 
with  the  coils  of  wire  rouud  tbe  niiigneCf  and  a  cun-ent  of  eleo 
tricity  is  sent  through  such  wire,  thus  cliai-ging  the  iron  with 


FSy.M, 


magnetism.  The  annatare  is  then  revolved,  and  its  iron  baae, 
or  COTe,  becomes  in  turn  magnetized  This  armature,  thus 
being  magnetizedf  ami  carrying  round  with  it  in  its  revolutions 
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the  coils  of  wire  with  wbich  it  is  wrapj^KiU,  iuduce^  in  suob  wire 
currenta  of  eleclriciiy.     These  currents  are  gathered  from  the 
smaller  cj'linder  before  referred  to  by  th«  brushes  which  form 
the  other  part  of  the  mechanic-al  conlrivunue  for  gathering  the 
carrentA    Tlie  current  then  flows  through  the  wiro  leading  from 
ihe  bnushes  to  the  top  of  the  maohice,  from  whence  part  of  the 
current  si^  generated  is  shunted  back  through  the  coils  of  the 
magnet,  thus  increasing  its  ningnetic  strength,  the  surpliis  being 
distributed  through  the  couduclors  and  apj)earing  at  the  points 
desired  in  the  form  of  light.     'J'he  magnet  being  now  charged, 
any  furtlier  use  of  the  chemical  battery  is  unnecessary,  inas- 
much as  a  small  portion  of  magnetism  always  rernaius  in  the 
magnet.     This  residual  iringnetism  is  vi-ry  weak%  but  it  is  suffi- 
cient when  the  armalurti  is  caused  to  revolve,  to  again  extend 
its  influence  thereto  and  to  again  induce  currents  of  electricity, 
pirt  of  vhich  is  being  constantly  shunted  through  the  coils  of 
llie  magnet,  and  increasing  its  strength  as  long  as  the  armature 
ooutinues  in  motion. 

This  is  the  theory  of  ail  generators  of  electricity,  except  that 
in  some  other  dynamos  the  magnetizing  of  the  magnet  is  pro- 
dmxxi  by  a  current  of  electricity  from  uu  entirely  distinct  gen- 
entior  of  smaller  si^e,  called  an  exciter. 

Of  the  peculiarities  and  improvements  presented  in  the  Edi- 
wnmftL-hine,  we  tnay  mention  two,  which  are  regarded  as  of  a 
laodainental  character  and  of  the  greatest  value  in  tiio  economic 
pmluotioa  and  distribution  of  electric  currents  for  light  or 
power.  These  improvementsaro,  first,  the  principle  of  maximum 
external  work,  that  is  to  say,  the  maximum  production  of  cur- 
wni  whicb  may  i>e  availed  of  for  sale  to  and  consumption  by 
tlwcQstomer.  Second,  the  principle  of  economy  in  the  produc- 
tion of  electricity. 

When  Mr.  Edison  took  up  the  subject  of  electric  generators, 
silica  prevailed  in  the  minds  of  previous  inventors  that  gen- 
Altera  should  be  bailed  on  the  principle  of  maximum  current, 
*«id  that  the  external  resistance  to  the  j>assage  of  tlie  current 
'^Qtd  equal  the  resistance  in  the  machine  itself. 
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It  may  be  wi;l]  to  explain  briefly  ilie  meaning  of 
technical  terms,  external  reslstanee  and  internal  rcsistanoeCI 
Electricity  in  inytion  may  be  regarded  as  a  current  which  in 
its  course  through  a  conductor  follows  the  same  natural  laws  as 
water.  If  we  foi-ce  a  lar^^e  quantity  of  water  through  a  narrow 
pipe,  there  will  be  oflfcre*!  to  the  passjige  of  the  body  of  water 
more  reeistauce  than  if  tlic  pipe  were  larger.  So  it  is  with  an 
electric  current,  the  rcsisUnce  to  ihe  passage  of  which  is  iu- 
versely  proportional  to  the  size  of  the  conductor.  External 
resistance  means  that  of  the  circuit  outside  of  the  generator,  or, 
in  other  words,  the  circuit  upon  which  the  current  is  being 
used  in  the  form  of  light,  Internal  resistance  means  that 
which  is  ofTereil  to  the  circulation  of  the  curreot  within  the 
various  portions  of  the  dynamo  itself. 

The  resistance  of  the  large  copjrer  conductors  forming  a 
portion  of  the  external  circuit,  in  tlie  Edison  system,  is  of  itself 
a  small  item,  but  when  a  lamp  is  placed  between  the  two  cop* 
per  conductors,  and  is  thus  made  a  part  of  the  circuit,  the 
resistance  of  the  external  circuit  becomes  140  ohms.*  It  may 
eeem  contradictory  to  those  unac<iunintcd  with  Mr.  Kiison'a 
system,  when  wo  suue  that  every  additional  lamp  decreases  the 
total  redsiauoe  placetl  in  the  e.xternal  circuit;  but  when  we 
consider  tliat  every  lamp  otiers  an  ailditional  passage  for  the 
eleotno  current,  the  reason  for  iliis  decrease  of  resistance  Ije- 
comes  very  plain.  Arguing  from  these  lacts  and  from  another 
one,  namely,  the  fikct  that  the  resistance  of  the  external  oircuit 
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tTtte  UBil  Btcasure,  which  tna  oflSciAllr  adopted  at  the  Paru  RiMCricml  Ooo- 
fTM*  m  OowlNr.  Idfll.  w%%  u  £dUdv«  : 

Thtt  al«Mo«u7  nail,  or  unit  of  twteuieei,  ia  Aa  «k^  vhi«h  oquaOs, 
vmaij,  a  oetaam  ef  mtrvary  or  wirt  ot  moreatr,  on*  aam  in  ho^,  and  ooe 
■DKoMti*  fa  wettfitMl  ana. 

Thm  udt  nt  yoiwiriai,  er  i>iOlw  ■Plt'ia  fcct«  i»  th«  volt,  whi^  is  prmoticallf 
Ikaof  al^iMl'scalL 

n»  awfira  k  iba  aaMuat  of  Ibe  ctaotriaUr*  ^  tba  oama*,  fiaving  through 
aA«h»,  UfttxOad  bgr  Um  •baaiP»4Hliv« Ion*  ol  oaaTtk;  'a  was  (onnert/  known 
miIm  V«b<<r. 

IW  «Mla»b  ha  ito  MffnM  Out  wmiM  iov  (■  a*  aapin  Ik  OM  •aooal 
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mtwt  never  lie  lesa  than  that  of  the  internal  circuit,  it  will  be 
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rwidily  seen  that  in  the  dyi 
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Iters  a  limit  to 
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seen  tnat  in  the  tlyimmrs 
ihemimber  of  lamps  which  can  be  Uj*(h1  in  the  external  cir- 
cuit is  quickly  reached,  because  in  suoli  maohiues  the  interual 
resistance  must  be  eijual  to  tliiit  of  tlie  external  circuit, 
while  in  the  Edison  machine  tiic  resistance  of  the  internal 
drcait  is  almost  inQnitesimal,  and  for  this  reason  a  great 
number  of  lamps  may  be  added  l>efore  the  resistfince  of  the 
external  circuit  ia  brought  down  too  low.  Now,  the  value  of 
a  generator  is  obviously  the  amount  of  work  which  can  be 
obtained  fnim  it  in  the  external  circuit,  that  is  to  say,  in  the 
form  of  light;  the  work  in  the  machine  itself  being  not  only 
ocavaihibie,  but  injurious,  since  it  heats  the  coils  of  the  ma* 
chiae.  It  will,  therefore,  be  seen  that  in  the  exact  proportion 
in  wbicb  tlie  internal  resistance  is  kepi  l>oIuw  the  external  rc- 
enjEtance  is  the  useful  efliciency  of  tliu  machine.  This  is  what 
Mr.  Edi»on  haa  accomplished  by  making  the  internal  re-si.«tanoe 
othia  machine  exceetliiigly  low  ;  in  fact,  so  low  as  to  bo,  in  this 
re»|ici-t,  jiractically  perfect 

In  regard  to  the  second  improvement  ju-st  spoken  of,  there  is 
abosecu  for  the  first  time  in  the  history  of  tliis  subject  high 
electro-motive  force  combined  with  e.\treru«ly  low  resistance. 
This  feature  is  also  one  of  the  radical  differences  botweea  the 
Ellison  and  other  types  of  generators.  In  other  generators 
lieretofore  made,  the  effort  haa  been  to  prodmje  the  nmximiim  of 
current  with  the  smallest  weight  of  iron  and  copper  in  their 
construction,  not  to  produce  the  maximum  of  current  from  the 
minimum  of  mechanical  energy  expended.  The  electro  motive 
force  ia  proportional  to  the  strength  of  the  fichl,  an<l  a  field  of  a 
given  strength  may  be  produced  in  two  ways:  first,  by  using 
iron  cores  of  small  size  and  by  magnetizing  theta  strongly  by  a 
very  intense  current ;  or,  second,  by  using  larger  magnet  cores 
uid  magnetizing  them  by  a  less  intense  current.  In  the  former 
case  the  magnetic  field  is  obtained  by  the  expenditure  of  cur- 
rent, which  also  means  expenditure  of  horse  power;  in  the  lat- 
ter by  the  expenditure  of  iron.    Tiie  one  is  the  more  economical 
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than  the  oibor  according  us  the  ctwt  of  current  or  of  iron  is 
greater.  Hitherto  the  effort  seems  to  have  been  to  make  the 
field  maguets  as  small  and  short  as  possible,  and  to  scud 
through  thcin  the  entire  current  pnKluccd  by  thd  machine.  In 
the  laboratory  the  absolute  co.-^t  of  one  ampfere  of  electrical 
energy  is  a  secondary  consideration,  the  wliule  question  being 
the  relative  cofit  as  between  similar  inachinei.  Hut  in  practice 
the  absolute  cost  of  the- electricity  is  the  fundatnentnl  Quegtiatt» 
upon  which  commercial  success  mainly  depends.  Mr.  EdisonjII 
therefore,  made  the  inquiry  whether  it  is  cheaper  to  produce 
the  required  magnetism  by  using  small  magnets  charged  by 
poweWul  currents  or  large  magnt^ts  charged  by  weuker  currents. 
Since  current  is  cx|>cnded  in  the  field,  and  must  be  continuallyfl 
reproduced,  while  the  cxfMjnse  fop  the  iron  is  only  the  interest  on 
the  llrst  cost,  it  would  apjKjar  that  the  latter  course  was  the 
cheaper  one.  But  it  ia  found  that  the  amount  of  electricity 
necessary  to  magnetize  iron  rises  in  a  very  rapid  ratio  as  the 
point  of  saturation  is  appn>ached,  it  requiring,  when  the  iron  is 
half  saturuled^  about  one  hundred  times  more  current  to  fally 
saturate  it.  Practically,  therefore,  given  the  strength  of  the 
field,  the  question  is  which  i.s  moie  economical :  to  expend 
more  current  and  use  less  imn,  or  to  use  a  weaker  current  and 
more  iixm  ;  the  cost  of  tlie  iron,  the  cost  of  the  current,  and  the 
percentage  of  saturation  by  a  current  of  given  strength,  af- 
fording the  data  for  the  computation.  It  is  found  an  nm- 
p6re  can  he  produced  for  le^a  money  by  u.sing  large  magactfi 
and  a  current  sufficient  to  half  saturate  thorn.  Tins  idea  ia  car- 
ried out  in  the  Edison  dynamo,  in  which  lai^ge  maguets,  hall 
saturated,  are  used.  ^ 

There  is  aUo  one  other  improvement  in  the  Edison  dynamo 
which  cntci-s  into  the  point  of  economy.  It  is  in  the  c<jnstruc- 
tion  of  the  iron  base  of  the  armature.  At  the  time  when  Mr»M 
Edison  was  working  on  this  subject,  armatures  of  the  cylinder 
iy\^  were  made  with  solid  iron  bases,  llie  revolution  of  wliich 
causwl  the  protluclion  of  heat  in  tlie  body  of  the  armature,  and^ 
seoomi,   considerably   lessened  the  efficiency  of  the  machine. 
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Various  devices  were  adopted  to  remove  this  heating,  such  lu 
bloiring  a  current  of  air  or  passing  a  stream  oC  cold  water  in  the 
Deighborhood  of  the  armature  to  reduce  the  heat  But^  aa  we 
all  know,  heat  developed  means  energy  wasted,  and  Mr.  Edison 
characterized   his  dynamo  by  a  fundamental  improvement  in 


this  direction.  He  undertook  to  ascertain  what  was  the  cause  of 
the  heating  of  the  body  of  such  armutures.  He  revolved  a 
block  of  iron  Iwtwct^n  tho  poles  of  an  electro  magnet,  and,  after 
running  the  same  iive  minutes,  it  was  found  that  a  piece  of 
meal  laid  upoa  it  could  bo  well  cooked  by  tho  heat  dovclopeil. 
He,  therefore,  found  it  would  bo  ne(»e3aary  to  break  up  the  in- 
ducing currt_>nt3  and  so  do  away  with  this  injurious  heating  of 
the  armature.     Accordingly,  ilien,  he  constructs  bis  armature 
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ofdlskaof  thin  iron  separa*^  from  each  other  by  a  sheet  of 
tissue  paper,  thus  breaking  up  tlio  induoed  currents  and  the 
"ijuriotis  heating, 

Tlie  armature  wire  consists  of  bars  of  oo]iper.     These  bars 
w  close  to  each  other  around  tho  cyUmlcr  which  forms  the 


with  the  collector.  Figs.  60  aud  61  give  an  idea  of  tbis 
new  arrangemout  Tlio  centre  of  the  cylinder  itself  is  occupied, 
outside  o£  the  rotating  axle,  hy  a  cylinder  of  wood,  which  in 
its  luro   is  surrounded  by  a  tliick  lube  made  of  a  aeries  of 

thtQ  disks  of  iron,  se{)arated  from  each  other  by  paper. 


iockr,  ft3  seen  iu  F^  M.  Coder  such  conditions  as  tbesef  the 
iwiniaiiim  oi  Um  g«nentor  is  aauXi,  and  pennits  of  great  sub- 
division  of  thft  e«lTi»nt  in  maltipio  are ;  nor  is  Lbcre  any  insala- 
tioQ  to  be  bara«d ;  ami  in  case  of  lh«  deterioration  of  tfae  bars, 
they  can  b«  «asilr  i«a««ed«  lor  tbej  are  amply  screwed  a^nst 


five  machines.  This  is  a  liberal  estimate  of  power,  Mr.  Edison 
iiol  desiring  to  be  unduratood  as  limiting  the  liglil  ppfMiuoing 
Qa[HLciiy  of  the  machines  to  the  precipe  tiumber  of  lights  above 
Slated  where  such  boree  power  is  used. 

The  E<ii8on  generators  for   1,200  lights  and  above  are  con- 
I  fitructed  on  a  moditicd  plan.     Tlie  first  of  these  giant  maobiues 
I  was  exbibited  at  the  Paris  Electrical  Exhibition,  where  it  fur- 
nished the  current  for  600  lamps  in   the  grand  staircase,  250 
Uunps  in  ttie  ];I<lison  exhibit  rooms  and  about  200  more  scattered 
^over  the  building. 

TbiH  mauhine  (fig.  66),  wiih  it.s  engine,  rested  on  a  cast  iron 


fig.  SB. 


/V-  69. 


bed  plate  12^  by  ^  feet,  weighing  9,600  Iba.  The  field  con- 
sisted of  eight  electro-Diagncts  each  8  feet  long,  placed  hori- 
zontally and  weighing  24,500  Iba.  The  armature  was  28  inches 
in  diameter  and  5  feet  long,  and  weighed  with  its  shaft  8,600 
Iba.  In  place  of  wire,  copper  bars  three  quarter  inelics  in  dia- 
meter (fig.  t»7),  covered  its  surface  parallel  to  the  axes,  their 
ends  being  c»">iinected  with  flat  disks  of  copper,  insulated  from 
each  oiber,  which  served  to  convey  the  current  across  the  ends 
ii  the  cylinder.      Figs.  68  and  60  show    the  copper  disk,  and 
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iai^  armature.  The  object  of  the  bar  annature  is  to  fumiah 
means  for  easily  removing  aad  replacing  one  or  more  Cfiils  of 
the  armature.  For  the  generative  i>ortions  of  tbe  armature. 
coils  of  wire  or  naked  bars  are  eml^loJeli,  electrical  oonnoctions 
from  each  bar  un  the  opposite  side  oi  the  annature  Ijeing  made 
through  disks.  If  eacli  longitudinal  Bet  of  wirea,  or  each  bar, 
bo  considered  aa  one  coil,  a  series  of  disks  eciual  In  number  to 
half  the  coils  ia  use*l  at  eacii  end  of  tiie  unruiture.  Itcfcrring  To 
the  illustrations,  which  are  diagrammaiiu  in  their  character, 
A  (rtg.  69)  represents  a  disk  at  the  commutator  end  of  tbe 
armature,  and  B  a  disk  at  the  other  end. 

Each  disk,  A,  has  a  hole  punched  out  of  the  centre,  and  a 
finger,  c,  bent  out  at  right  angles  to  the  corunuitator  block,  H. 
D  is  a  core  of  insulated  disks  of  soft  iron.  Sup{x>sing  the 
upper  bar,  E,  to  be  moving  through  the  polar  space  of  the 
magnetic  field,  a  current  would  tniverse  it,  gay,  from  left  to 
right,  enter  the  disk  2,  by  the  lug,  b  (fig.  G7),  cross  the  disk,  and 
return  by  a  }>ur  not  shown,  but  imraediniely  behind  the  lowest 
bai-,  E,  to  the  disk  3,  and  then  two  paths  would  be  open  to  it, 
one  by  tlic  tongue,  r,  to  the  commutatoi-,  and  the  other  through 
the  second  bar,  K,  attached  to  the  disk  H.  The  same  would 
occur  in  each  pair  of  burs  and  disks. 

Tlie  resistance  of  the  urmaiure  was  only  0.008  ohm.  The 
commutiitor  was  nine  inuhua  l')ng,  composed  of  heavy  bars 
of  copper.  The  engine  weighed  10,00u  lbs.  and  had  a 
cylinder  11  by  16  inches.  ,  With  a  boiler  pressure  of  120  lbs. 
and  350  revolutions  per  minute,  it  developed  150  cflfective 
boi-se  power.  The  total  weight  of  the  machine  was  44,600  Iba., 
jiiid  the  weight  of  copper  on  the  magnets  and  armature  was 
3,000  lbs.  Subseqiiciitlyjtwenty-weveuoihermachines  have  been 
made  upon  the  same  plan,  but  larger,  their  total  weight  being  36  i 
tons  cHch.  The  testa  of  these  machines  gave  excellent  results,  I 
showing  the  production  of  7.44  Itf-candlo  lights  per  indicated 
horse  jKjwer.  Two  of  these  machines-were  sent  to  London,  and 
are  now  working  at  the  HoUwrn  Viaduct  Station. 

'IMie   Edison  dynamo  is  able  U>  convert  into  electricity  the 
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mechanical  energy  derived  from  the  steani  engine  with  a  loss  of 
only  live  per  cent 

A  distinction  is,  however,  to  be  made  here  between  total  effi- 
ciency and  commercial  efficiency.  Tbo  former  is  the  ratio  of 
current  eiu-rgy  produced  to  meoJianical  energy  absurU^d,  and  is 
the  efficiency  onlinarily  spoken  of,  of  maciiines.  But,  assliown 
above,  the  useful  work  of  a  rn.icbine  is  ibat  done  in  the  exlerual 
circuit  Hence  the  commercial  efficieuev,  or,  iti  other  wonls, 
the  economy  of  the  mafhine  is  its  total  efficiency  miiltiplied  by 
the  ratio  of  the  reai^^tince  of  the  exiernal  circuit  to  the  total 
resistance:  If  the  total  efficiency  of  these  dynamos  is  95  i)er 
cent,  and  the  ratio  aW>ve  mentioned  Ih;  J  If,  the  commercial  effi- 
ciency will  be  9j  X  ji^  -=■  93  [icr  cent  These  results  have  been 
established  by  the  teats  made  b)'  Pmfessors  Bnickettand  Young 
upon  the  earlier  dynamos  made  by  Mr.  EJisun,  which  showed 
89.9  per  cent  total  and  81.1  i-icr  cent  of  available  efficiency.  ^ 
(Am.  J.  Sci.,  Ill,  xix.  475,  Jujie  18,  'SO),  and  by  Mr.  Howell, 
of  iho  Stevens  Insiilnte,  upon  the  later  iind  improve*!  apparatus, 
which  showed  96.10  i>er  cent  li>tal,  and  y6.7  per  cent  commer- 
cial efficiency. 

The  smaller  dynamos  only  are  usotl  for  ifwlatcd  lighting,  the 
larger  for  general  illuminattuii.  Tbcy  arc  not  liable  to  get  out 
of  onler,  and  need  no  more  than  five  minutes'  attention  each 
day  for  oiling  and  changing  position  ni  tlie  bnisiies.  They 
may  be  run  by  any  ordinary  engineer  after  a  few  houra'  instruc- 
tion by  the  company's  men,  who  are  sent  to  eroet  tlie  machine. 
A  special  engineer  or  electrician  is,  therefore,  entirely  unneces- 
sary. 

The  current  generate<l  by  the  Bdison  dynamos  is  absolutely 
hmnnless  to  life  or  health.  The  wires  at  any  part  of  the  system, 
even  the  pole-piecea  of  the  raachino  itself,  may  bo  grasped  by 
the  bare  hand  firmly  or  otherwise,  without  the  slightest  injury 
whatever  to  the  person.  In  fact,  eo  low  is  the  electro  motive 
force  or  tension  of  the  current  that  it  can  scarcely  be  felt  at  all. 

The  following  is  a  description  of  Mr.  Edi.son'a  Radial  Bar 
and  Disk  Pynamo  Etecthc  Machine,  patented  August  22,  1882  : 
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Mr.  Edison's  object,  in  this  in  vention  was  to  produce  a  dynamo 
or  magneto  electric  muchinc  in  whicb  the  iron  core  of  the  armar 
tur©  would  not  be  necessary,  and  the  loss  of  power  caused  by 
heating  would  be  avoided^  tlie  inductive  portion  only  of  ttie 
armature  being  jwtsacd  between  the  poles  of  the  exciting  mag- 
net or  magnois,  which  poka  can  coasequeutly  be  brouglit  close 
together,  so  as  to  produce  an  intense  magnetic  field,  and  which 
will  generate  a  contlniious  current  of  high  electro  motive  force 
in  the  same  direction  without  the  use  of  pole^changera.  AU 
the  inductive  portions  of  the  armature  are  constantly  in  circuit, 
and  the  internal  resistance  of  the  machine  is  excee<iiiigly  small 


Fig.  in. 


Fiff.n. 


Mr.  Edison  accomplishes  this  object  by  constructing  the  arma- 
ture in  the  shape  of  a  disk  or  plate  like  that  used  by  Arago  in 
his  experiments,  but  divided  into  radial  sections.  These  radial  j 
sections,  which  form  tlio  inductive  portion  of  the  armature,  ara' 
naked  copper  bars  connected  together  by  insulating  material, 
and  attached  rigidly  to  the  driving-sliaft  by  an  insula  ting-hub. 
At  their  inner  emls  these  bars  are  connected  in  pairs,  by  means 
of  metal  plates  insulated  from  eacb  other,  wliich  plates  have 
tongues  secured  in  the  grooves  of  an  insulating  commutator- 
cylinder.  The  radial  bars  revolve  between  the  polar  extensions 
of  two  m^net«*,  and  outside  of  their  polar  extensions  the  disk 
formed  of  nwlial  bars  and  insulating  mal*jrial  is  surrounded  by 
ooncenlric  metal  Hugs,  which  are  in9ulate<l  from  each  other  and 
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the  radial  bars,  except  as  liereinafter  explained.  The  uuinber 
of  the  rings  is  one  half  that  of  the  radial  bars.  The  paiw  of 
(ura  are  con nected  in  multiple  arc  at  their  outer  ends  by  these 
concentric  rings,  by  Riejins  of  bands,  or  rods  extending  from  the 
bars  to  the  rings,  and  being  insulated  from  all  the  rings  except 
the  ones  they  are  intended  to  connect  with  tlie  ban*.  The  rings 
oonnect  the  bars  in  such  manner  that  the  connections  are  sym- 
metrical at  every  position  of  the  maohiue.  The  rlnya  are  com- 
plete;, and  extend,  in  both  directions  from  and  to  the  connecting 
banils  or  rods,  so  that  the  plates  arc  connected  in  multiple  arc, 

thalf  the  current  passing  in  each  direction.  The  current,  com- 
roeucing  at  the  n^ative  commutator  brush,  is  divided  into  two 
part 
bars 
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parts,  each  of  which  parts  passes  through  one  half  of  the  radial 
bars  and  combines  with  the  other  part  at  the  positive  comma- 
tator  brush.  In  this  manner  all  the  bars  are  continually  kept  in 
circuit,  and  &  current  is  generated  having  an  electromotive  force 
due  to  one  half  the  length  of  all  the  plates.  The  concentric 
rings  are  arranged  nut^ide  of  the  polar  extensions,  so  thut  these 
extensions  can  l>e  brought  cIosr  up  to  tlie  inductive  burs,  while 
the  rings  are  nearly  outside  of  the  magnetic  field,  and  do  not 
cut  the  lines  of  force  at  right  aiigles,  and  consequently  have  no 
conntcr  effect  upon  the  electro-motive  force  of  the  current.  As 
the  phites  connecting  the  radial  bara  with  the  cimmutator,  the 
concentric  Hngs,  the  connecting  bands,  or  rods,  and  the  radial 
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bars  themselves,  all  have  large  conducting  area,  the  internal 
reaisUince  of  the  maohine  is  exceedingl}'  small. 

The  novel  features  of  thiii  nuicbine  are  also  applicable  to 
electric  engines  and  motors.  As  an  engine  or  motor  the  con- 
struction would  have  the  adviiuLitge of  great  lateral  compactness, 
enabling  its  use  on  a  narrow  railway-car  without  projecting  over 
the  Bidea  of  the  car,  or  in  other  locations  where  space  is  limited. 

Figure  70  shows  the  revolving  armature  with  the  commutator 
in  section,  the  connections  of  the  radial  bars  with  the  commu- 
tator being  shown  di.'igniminatically  ;  Fig.  71  a  central  horizontaj 
section  of  the  iniichine,  and  Fig.  72  a  pcr3})ective  view  of  it. 

The  mdial  naked  copi>er  bars,  which  am  numbered  1  to  16, 
inclusive,  are  moutitcd  upon  a  huh,  .seonnHl  to  the  shaft  and 
proj>erly  insulated  from  such  shaft  These  barsure  joined  edge- 
wise by  a  non-conducting  material,  so  that  they  form  a  rigid 
disk  or  plate,  The  raflial  bars  are  turned  outwardly  at  their 
lower  ends  and  connected  thereby,  or  by  rods,  with  plates,  E, 
which  are  insulated  from  each  other  and  huve  tongues,  two  of 
which  are  shown  in  Fig.  71  extending  outwardly  and  forming 
the  conducting  i>ortions  of  the  commutator-cylinder. 

Two  radial  bars  are  connected  with  each  plate,  E,  and  by  it 
connected  with  the  nearest  central  commniiition  bar.  In 
arrangement  shown,  the  p;iii*s  1  and  8, 2  and  11,3  and  10, 4  and, 
IS,  5  and  12,  6  and  15.  7  and  14,  9  and  16  are  eonneci 
together  and  to  centJ-al  commutator-bars.  The  concentric  rings, 
G",  surround  the  disk  formed  by  the  radial  bars,  outside  of  the 
polar  extensions,  and  are  insulated  from  ihem.  The  radial  bars 
are  connected  in  couples  by  the  rings  by  means  of  the  bands  or 
rods  II.  The  neutral  line  extends  vertically  through  the  centre 
of  the  armature,  while  the  commutawr  brushes  or  springs  P  N 
make  contact  with  the  sides  of  the  commutator-cylinder  at  the 
ends  of  its  horizontid  diameter,  the  biirs  next  to  the  neutral  line 
being  connected  with  the  centml  side  commutator-bars,  as  shown 
and  previously  explained.  On  the  left-hand  side  of  the  neutml 
line  the  ourrenLs  in  the  radial  bare,  as  shown  in  Fig.  70,  all  run 
inwardly,  while  those  on  the  right-hand  side  flow  outwardly.    In 
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Uie  poaiUon  sliowu  one  [lortion  of  tlie  current  would  pass  from 
the  negative  to  the  positive  commutator-brush,  via  1,  11,  2,  12, 
5,  14,  7  and  Iti,  and  tlie  otber  portion  via  8,  L5,  6,  13,  14,  10,  3, 
and  9.  the  proper  plates  E  aud  straps  H  being  included  in  tlie 
circuits. 

By  dividing  the  disk  into  radial  flections  or  bars  and  connect- 
ing them,  5o  as  to  genemte  a  a^ntinnnus  current,  a  much  higlier 
electro-niotivc  force  can  be  obtained  than  by  the  use  of  the 
iple  undivided  disk  employed  by  Arago  in  his  experiuieuts. 


THB   KDISON   C0^a)^CTORS. 


^M  The  conductors  u^ed  in  the  Kdison  system  are  of  two  kinds: 
First,  the  rnains  which  are  used  to  distribute  the  current  from 
the  central  station  tiirough  the  streets;  aud  second,  the  wires, 
which  are  used  within  the  houses  to  be  lighted     The  former 

I  conductors  are  serai-cylindrical  rods  of  copper  placed  in  ii-on 
pipe&  Every  six  or  eight  inches  they  are  ttupiwrted  in  these 
pipes  by  blocks  of  wo»l,  and  the  pipe  is  then  filled  witli  an 
insulating  compoaitioa  Thid  complete  conductor  is  mude  in 
lengths  of  20  feet  It  is  laid  under  the  ground,  eighteen  inches 
or  so  oatside  of  the  curb  on  each  siile  of  the  street,  and  twenty- 
eigUt  inches  beneath  the  surface.  The  tubes  screw  into  a  cast 
iron  box,  within  which  contact  is  mnAe  with  a  lateral  branch, 
which  is  carried  within  the  curbstone  and  there  capjK'd.  Every 
20  feet,  therefore,  the  main  oonductor  is  tapped,  and  the  house 

t  conductors  can  readily  be  re;iched  by  Uiking  up  a  few  bricks  or 
a  ilug  on  the  walk  without  disturbing  the  street  paving.  Fig. 
73  shows  one  of  these  boxes  with  its  conneetion& 
Within  the  house,  the  conductors  arc  of  coj>|jer  wire,  unless 
^^  the  number  of  lumjjs  is  so  gn.'at  as  to  reipiire  very  large  con- 
^B  dactors,  in  which  case  conductors  enclosed  in  inm  pipes  are 
^^  Tiseil,  but  of  amaller  si/.e  than  the  mains.  The  wiring  of  build- 
ings for  the  Edison  light  is  done  by  skilled  workmen  employed 
hy  tlie  comjjany.  The  wires  are  placed  two  and  a  half  inches 
apart,  each  wire  having  a  double  insulated  non-combustible  cov- 
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ering  and  being  furtlier  prot4?cted  by  a  wooden  moulding  oon- 
taming  grooves  on  the  under  side  to  receive  the  wires,  thus  ren- 
dering any  contact  or  crosses  between  them  almost  impossible. 

Figure  74  represents  the  moulding  with  a  j>iece  cut  away  on 
the  left  side  to  expose  the  wire. 

In  c&SQ  any  accidental  contact  between  the  wires  should  hap- 
pen, caused  either  directly  or  indiroctir  by  the  contact  of  any 
metallic  conductor,  sucb  as  a  gas  or  water  pipe,  with  them,  Mr. 
Edison  luis  invented  a  device  termed  a  safety  catcb,  which 
secures  absM>lut6  freedom  from  danger  by  fire,  and  is  an  essen- 
tial featare  of  his  system  of  dLstribntion,     In  the  system  of 


/v. «. 

electric  distribution  this  device  is  intended  to  play  a  part 
analogous  to  that  performed  by  the  safety  Talve  in  a  steam 
boUer  or  an  overtlow  pipe  in  a  system  of  water  supply.  It  con- 
sists simply  of  a  short  piece  of  wire,  fusible  at  a  comparatively 
low  temjwmtuiv,  which  is  inserted  in  and  forms  part  of  every 
(nrcuit  The  wire  is  an  alloy  of  lead  and  tin,  and  is  contained 
in  an  adjustable  plug  or  blocic  The  object  of  the  safety-catch 
is  to  obviate  the  danger  of  fire  arising  fraoi  an  excess  of  current 
at  any  given  jxjinL  For  instance,  if  from  any  cause  an  exces- 
stve  amount  of  current  |>AS:»e9  through  the  circuit,  the  safety 
iMinb  would  iimnediately  fuse^  and  thna  cnt  off  ibe  flow  of  the 


owrenl  before  any  flanger  cnuKl  possihly  Im  done  by  overheat- 

itiglhe  wires.     To  maVo  tliis  perfectly  clear  lo  those  who  arc 

unacquAintecl  witli  electrical  science,  it  should  be  slated  that  in 

f        Ihe  Kdison  system  the  carrcnt  of  electricity  running  through 

K    tb$  wires  is  always  of  a  given  tension  or  pressure,  and  that  the 


Edison  lamp  lias  a  reaistancu  exactly  proportionwl  to  this  t^Mi- 
Bioti.  It  ia  u  well  known  fai*t  that  when  two  or  more  paths  are 
(ifeii  for  the  passage  of  an  electric  current,  it  will  follow  each 
w  proportion  to  tho  facilities  offered,  and  that  the  greater  por- 
tw'ii  of  it  will  take  the  easiest  way  ;  and,  therefore,  if  two  con- 
ductora  are  placed  ucrofis  the  two  cop^ier  rods  forming  a  part  of 
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tbe  circuit  in  the  Edison  svsK^m,  one  having  low  and  the  other 
high  resistance,  tiie  bulk  of  the  current  will  jjaaa  througli  the  one 
having  the  smaller  re.sistance.  Now,  if  by  any  accident  une  of 
the  wires  conveying  the  current  to  the  lamps  were  to  come  in 
contact  with  the  other  wire,  or  if  .some  other  metalUo  body, 
such  as  a  gas  or  water  pipe,  should  come  in  contact  wiili 
both  of  tlie  conducting  rods,  there  would  be  a.  conductor  of  con- 


Fig.  16.  Li 


Biderabl^'  less  resistance  inserted  in  the  circuit,  and  the  current 
would  immediately  riisii  to  that  point,  becaui*e  it  would  afFoni 
a  much  easier  jja-snage.  The  conscq  uence  would  be  the  fusing 
of  the  copper  wires,  and,  j)0:sibly,  the  setting  fire  to  the  adjuceut 
woo<l work  or  other  inflammable  material.  It  ja  to  obvialti  thin 
danger  that  the  safety  catch  rir  we;ik  point  ia  interpostHl  in  every 
circuit  In  the  ca.se  of  a  rush  of  current  ai  above  descril>ed, 
the  effect  would  V>e  to  immc<liately  fuse  the  safety  catch  and 
effectually    interrupt  the    flow   of   the    currenL     Wlien  it  is 
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stated  ibat  tho  fusing  point  of  the  sufety  catch  is  between  460 
and  500  degrees  Fahrenheit,  and  tliut  of  cop|)er  wire  2,143,  it  is 
St  once  apparent  that  whea  the  copper  conducting  wirca  are  yet 
comparatively  cool,  the  safety  catuh  will  melt  In  fact,  by  the 
OM  of  this  device,  fii'cs  are  practically  impossible  in  the  Edi- 
son sjsiem.  The  safety  catch  wire  is  usually  inclosed  ia  a 
ntall  receptacle  called  the  safety  catnli  plug,  and  should  the 
wire  fuse,  tho  current  may  be  restored  by  merely  taking  out 
theolil  plug  and  insArtiiv,,'  n  tk-w  nnf — thn  wnrk  of  a  moirtenL 
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y 


u 

Tigurefl  75  un<l  76  aro  front  and  back  views  of  the  double 
cut  out,  or  safety  catck  It  is  composed  of  a  hlock  of  hard 
wood,  with  grooves  cut  in  it  for  tlie  main  and  branch  wires  to 
pus  tiirough,  and  having  two  large  holes  bored  through  it,  in 
each  of  which  is  inserted  a  short  bmss  thimble  upi^n  tho 
inaer  surface  of  which  screw  threads  aro  cut  These  brass 
thimbles  are  attached  t-*  tho  main  conductors  by  set  screws  (A, 
lig.  75),  ninning  into  the  grooves  through  which  they  paijs. 
One  of  tho  brass  thimbles  is  thus  connected  ynih  tho  incoming 
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and  the  otlier  witli  the  out^oiiijj  wii*e.  At  tlie  bottom  of  each 
uf  tlie  holes  in  figure  75  is  seen  a  portion  of  u.  brass  plate  wiili 
a  screw  head.  appi?aritig  ubove  it  This  plate  is  fastened  to  the 
wooden  bhK-k  so  as  to  lie,  at  one  end,  under  tlie  hole,  and  the 
other  end  is  connected  by  a  set  screw  with  the  branch  wire. 
This  plate  is  insulated  from  tlie  thimble.  Tlie  armngemcnt  of 
the  little  brass  plate  can  be  seen  more  clearly  in  the  back  \-iew 
of  the  double  cut  shtiwn  in  figure  76. 

One  end  of  the  jilate  is  seen  to  cover  the  Iwitom    of  the 
thimble,  or  screw  hole,  while  the  other  entl   is  oonnecieil  by  a 


« 


binding  screw  to  the  branch  wire  running  through  the  currSl 
groove.  Now,  lus  the  main  wires  are  connected  with  tlie  brass 
thimbles,  and  the  branch  wires  arc  connected  with  the  brass 
plates  under  the  thimbles,  it  Is  evident  that  the  main  and 
branch  wires  would  bo  connectc<i  if  the  thimbles  and  plates 
were  united.  This  uuiou  is  made  by  means  of  plugs,  one  of 
which  is  shown  in  section  in  T),  figure  7tJ.  Tliis  plug  is  made 
of  a  non-conducting  material  in  the  form  of  a  tliumb  screw,  to 
fit  into  the  brass  thimble.  The  upper  part  of  the  screw,  A,  is 
oovered  with  brass,  which  when  it  is  iu  place,  is  in  metallic 
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oonnectioa  with  the  maia  wire  through  the  tliimble,  and  it  has 

abrsES  cap,  g^  at  the  bottom,  whic:b  counecls  with  the  brauch 

wires  through   the  meiallio  plate  under   the    screw  hole,  and 

lite  top  aud  bottom  plates    of    the  plug   are    connected  by 

means  of  a  wire  of  lead  and  tin  alloy,  contaiuod  in  the  interior 

nf  lliu  plug,  aH  shown  in  the  seclionid  cut  K     B,  figure   75, 

abowB  one  of  these  plugs  removed  from  the  block  and  turned 

iipsiije  down.      C,  figure  75,  shows  one  right  side  up,  while 

figure  74  shows  the  two  plugs   properly  inserted  in  the  blook. 

The  up[)er  ends  of  the  plugs  are  protected  by  brass  caps,  which 

caa  be  removed,  for  the  pui-poso  of  exanilniu^f  the  condition  of 

the  fusible  wire,  without  removing  the  plug  or  disturbing  any 

of  the  connections. 

Figure  77  represents  a  single  cut  out,  which  is  erajdoyed  in 
allcasea  where  it  is  not  ainsidered  necessary  to  intro<luoo  the 
cat  out  upon  V'th  the  incoming  and  outgoing  wire.  This  cut 
OQtis  precisely  like  the  other,  except  that  it  has  but  one  safely 
pltift  which  is  introduced  in  one  of  the  branch  line  wires.  The 
angleuut  out  is  apparently  fluilicicnl  fur  safety,  but  Mr,  Edison 
QKs  two  in  order  to  insure  double  security. 

THB   KDISON    ELEOTKIO   M£T£R. 

lere  the  consumer  uf  electric  light  generates  his  electricity 
43  well  as  uses  it,  as  in  the  case  of  a  separate  plant  for  lighting 
afactorr,  the  question  of  cost  is  one  of  generation  only.  But 
where  tlie  electricity  is  produced  at  and  distributed  from  a  cen- 
tral station  in  a  manner  similar  to  the  production  and  distribu- 
OOD  of  gas,  it  is  obviously  necessary  to  have  some  means  of 
ItDowing  accurately  the  amount  of  electricity  which  is  supplied 
to  tlie  customer.  It  would  seem  at  first  thought  (pjite  imi)ossible 
tonieasure  so  intangible  an  agent  as  electricity.  But  Mr.  Edi- 
»a  lias  succeeded  in  devising  a  form  of  meter  which  enables  the 
IQantity  of  electricity  consumed  in  a  house  to  be  as  easily  as- 
wrtaincd  as  the  quantity  of  gas,  and  far  more  accurately.  In 
Ibe  lildison  meter  advantage  is  taken  of  the  fact  that  when  an  eloc- 
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trical  current  is  passed  through  a  solution  of  n  salt  capable  of  de- 
composition, it  is  decomposed  in  quantity  exactly  pmportional  to 
the  strength  o£  the  current.  If  a  current  ho  piissed  tlirongh  a 
solution  of  zinc,  for  example,  for  every  ampcire  of  current  which 
passes,  0.334  milligram  of  zinc  is  decomposed  per  second-  Since 
this  zinc  is  deposited  on  the  negative  plate,  it  is  evident  that  hy 
weigMng  this  plate  at  the  beginning  of  the  month  when  it  is  in^fl 
serted  in  the  meter,  and  again  at  the  end  of  the  month  when  it 
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is  taken  out,  it  would  be  easy  to  calculate  the  number  of  am- 
|>6rea  current  which  had  jsissed  during  that  time,  ami  inasmuch 
as  the  number  pt  candles*  light  which  this  am[n:ro  will  give  is 
definitely  known,  a  computation  of  the  amouutof  lightaupplied 
to  the  cu.storaer  is  easily  ascertained.  To  m;iiiita,in  100  sixteen 
candle  lamps  for  a  month,  however,  a  current  would  be  rc- 
(piired  which  would  deposit  in  that  time  between  ISO  and  140 
jxiunds  of  zinc — a  quantity  too  large  for  practical    purposes. 
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Tbe  meter  ik,  therefore,  placed  in  a  collateral  or  shunt  circuit, 
whose  resistance  is  mjule  exactly  one  thousand  times  greater 
tluui  tbit  of  the  main  circuit.  HcucCf  one  ihou&amlth  of  the 
main  current  only  goes  through  it,  and,  of  course,  one  thou- 
BUidth  of  the  zinc  is  deposited.  By  mnltiplying  the  current 
ttlQiralent  to  the  zinc  deposited  by  thu  ratio  of  the  ahuut,  the 
value  of  the  whole  current  is  ohtninetl. 

Kguro  78  shows  the  meter  and  figure  79  the  arrangement  of 
thetDain  and  braiicU  lines  with  the  meter  in  circuit. 

The  meter  consists  of  a  jar  containing  the  zinc  solution  in 
whii'li  two  zino  plates  ai-e  suspended  frt:>m  the  cover,  one  at- 
taclied  to  the  incoming  and  the  other  to  tlie  outgoing  wire.  'I'he 
whole  is  inclosed  in  a  neat  box  of  cast  iron.  A  second 
nmilar   jar    ia    also    placed    in    the   Ujx,  througb  which   a 


:£ 


fTt  1"T"l^ 

w 


Fly.  19, 

Ittilh  only  of  the  shunt  current  h  allowed  to  pass — that  is  to 
My  TjiKir  ^^  ^^®  whole  current.  This  is  intended  as  a  clieck  to 
^  oiiier  jar  in  case  of  doubt  arising  as  to  the  correctness  of  its 
indioatioQ  from  any  cause,  as  the  shifting  of  plates,  etc.  To 
e»cli  jar  a  coil  of  wire  is  attached  for  adjusting  the  resistance  of 
tlw  branch  circuit  An  extremely  ingenious  device  is  attached 
to  this  coil.  It  is  well  known  that  tho  resistance  of  solutions 
<iecruases  with  the  rise  of  temperature,  while  that  of  metals  in- 
creases. A  oomigated  fitrip  of  metal  forms  part  of  the  voltame- 
ter circuit,  so  proportioned  that  ita  change  of  rcsi.stance  by  a 
variation  of  temperature  is  equal  to  and  opposite  to  that  of  the 
lii]nid.  The  resistance  of  the  meter  is  thus  preserved  constant 
irni  independent  of  temperature,  thus  always  assuring  correct 
OMsorement 
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There  is  one  more  ingenious  contrivance  in  the  ^ison  metCT 
designed  to  prevent  the  inconvenience  occasioned  hy  a  frozen 
gas  meter.  In  cases  wliere  the  meter  is  likely  to  be  exposed 
a  temperature  at  which  the  liquid  would  freeze,  an  onliua 
Edison  lamp  is  platwd  within  the  meter  case  and  a  compound 
strip  of  iron  and  brass  is  so  arranged  that  when  the  temperature 
falls  to  32  degrees  of  Fahrenheit,  tlie  strip,  hy  the  differential 
contraction,  becomes  contracted  so  as  to  close  a  platinum  coa- 
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fig.  80. 
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tact  and  light  the  lamp.  As  soon  as  the  lempeniture  lias  risen 
sufficiently  the  contact  is  automatically  broken  and  the  light  is 
extinguished.  These  phenomena  are  rejieated  as  often  as  the 
change  in  temperature  takes  place. 

Another  form  of  meter  (fig.  80)  has  been  devised  by  Mr.  Edi- 
son, which  ho  has  called  au  arapii-e  meter.  Like  the  one  just  de- 
scribed, it  depends  on  the  principle  of  electrolysis  by  the  current. 
A  carefully  pnisetl  balance  beam  supports  at  its  ends  two  copper 
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plates,  which  arc  immeracl  each  in  its  owq  jar  of  solution. 
Since  the  current  passes  in  the  inverse  direction  through  these 
jara,  the  copper  is  dissolved  from  one  plate  and  is  deposited  ou 
Ok  other,  thus  causing  the  beam  to  turn.  Attached  to  this 
beam  i.s  a  commutator,  so  that,  wlicn  it  reacbea  a  certain  angle, 
the  commubitor  is  moved  and  the  current  reversed.  The  copper 
it  now  removed  from  the  plate  on  which  it  was  deposited  before 
and  deposited  on  the  other  plate.  And  thus  a  permanent  oscul- 
lalion  of  the  beam  is  produced.  By  a  train  of  wheel  work,  the 
niuober  of  oscillations  is  recorded ;  and  by  suitably  proportion- 
ing the  parts  ot  the  apparatus,  the  ideutlcil  counter  is  used 
frliicb  is  use<l  in  the  gas  meter ;  s-*  thut  it  regis'^ers  cubic  feet 
ofelectricity,  a  cubic  foot  of  electricity  being  the  quantity  re- 
quired under  the  condiuons  of  the  Edison  system  to  give  the 
same  light  as  a  cubic  foot  of  gas. 

This  form  of  apparatus  may  be  used  for  measuring  extremely 
minute  currents.  In  one  form  of  it,  exliibitetl  at  Paris,  the 
whole  apparatus  is  exceedingly  delicate,  and  the  motion  of  the 
beam  is  multiplied  by  that  of  a  mirror  attached  t*>  it,  by  which 
a  beam  of  light  is  deflected.  So  sensitive  is  this  instrmnent 
tluu  it  is  capable  of  indicating  in  one  minute  a  current  so  fcoble 
that  it  would  require  a  century  to  deposit  an  ounce  of  copper. 

TBK   EDISON   FliTURES. 

The  simplest  Hxture  is  the  conductiug  wire  itself,  upon  which 
the  lamp,  by  means  of  its  wires,  may  be  hung.  But  f^r  perma- 
nent installation  some  devices  must  bi  contrived  for  sijlidly 
supporting  the  lamp,  for  concealing  and  protecting  the  conduct- 
ors, for  turning  the  current  on  and  off,  and  for  connwrung  several 
lamps  in  a  single  group.  It  wns  at  lir^t  pro[>o5ed  to  u*e  gas 
fixtures,  the  gas  pipe  serving  for  the  return  current.  But  several 
cbjectious  developed  to  this  course — first,  owing  to  imperfect 
joints,  the  resistance  of  the  gas  pipes  in  ordinary  bouses  is  so 
high  tliat  economy  of  current  repavs  the  cost  of  a  return  wire; 
second,  there  would  be  some  risk  of  fire  in  using  ground  ;  and 
third,  if  the  fixtures  ooostituted  a  part  of  the  circuit,  a  slight 
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tingling  Bensation  might  be  perceived,  under  certain  circnm^ 
stances,  on  touching  them.  This  latter,  although  trJHing,  would 
cause  distrust  and  prejudice  on  the  part  of  servants  and  oihers 
not  informed.  Hence  Mr.  Kdison  early  determined  to  put  in 
double  wires  throughout;  and  his  competitors,  who  used  gas 
pijws  as  return  circuits,  are  now  following  his  example.  His 
views  have  lieen  adopte*!  by  the  fire  umlerwriters,  who  have 
made  stri  ngent  rules  declaring  against  the  use  of  ground  cii'cuits  < 
in  electric  lighting. 

The  lamp  is  furnished  with  a  plaster  cap  having  a  bras^l 
ring  and  tip,  each  connected  with  one  of  the  wires  fastened  to 
the  cariwiL  Tho  ring  has  a  screw  thread  upon  it  which 
entera  a  similar  screw  thread  in  the  socket  The  tip  or  but- 
ton makes  contact  with  a  similar  brr.ss  piece  inside  the  socket* 
'  The  socket  itself  Ls  made  of  wood,  incliised  in  a  brass  box, 
upon  tho  bottom  of  which  is  a  screw  thread  for  attachment 
The  two  wires  from  the  main  enter  the  opening  and  terminate, 
one  in  the  brass  ring  which  makes  contact  with  the  screw 
thread  of  the  lamp,  the  other  with  the  flat  plate  in  the  bottom 
of  the  socket,  which  is  pressed  by  the  tip  or  button  of  tlie  lamp 
cap.  In  most  cases  tho  socket  is  furnished  with  a  switch  or 
key,  by  turning  which  through  a  quarter  of  a  revolution  the 
current  is  put  on.  Within  this  socket,  and  making  part  of  the 
circuit,  is  a  piece  of  lead  wire  acting  as  a  safety  catch. 

The  socket  is  attached  to  the  fixture  proper.  This,  of  course, 
may  be  of  the  rudest,  simplest  description,  or  it  may  be  elabo- 
imtod  in  the  highest  style  of  decorative  art.  A  simple  arm  like  a 
gas  bracket  is  the  most  pnmitivo  form,  made  either  of  iron  or 
brass,  plain  or  ornamented.  Then  a  swinging  bracket,  with  two- 
or  more  arms — aji  iogeuious  device  allowing  the  play  of  the 
joints  without  disturbing  the  current.  Knm  that  to  electroliers 
and  electrolabra,  ooiT08[)onding  to  gBSaliers  <»r  chandeliers  and 
cAndelabra,  is  but  a  step.  Then  theofi  sockets  may  be  attached 
to  hooks,  to  spring  clips,  to  sharp  spilns,  and  to  ornamented 
drop  light  stands,  and  be  oonnectet)  by  a  Bexible  oondncCiDg 
core  to  the  sapply  wire,  the  object  bet^g  to  change  tbe  positioa 


.  of  ihe  lamp  and  to  nctach  it  readily  where  aud  ia  nny  positiou 
desireii 

Unlike  the  gas  jet,  the  Edison  lamp  can  be  placed  in  any  po 
sitioD  without  affecting  ih©  result  Consequently,  they  are 
plwed  preferably  inverted.  This  not  only  avoids  sbitdows  from 
the  fixtures,  but  it  enables  rcdcctors  of  any  sort — porcelain,  tin, 
citiier  white  or  polished  inside — to  be  pliV!od  above  the  lamp, 
and  thus  to  throw  down  the  light  wliiuh  would  be  otherwise 
vastod  on  the  ceiling.  In  this  way  the  amount  of  light  thrown 
rertically  downward  is  increased  at  least  one  half. 
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It  is  somewhat  strange  that  carbon,  tbe  only  substance  of  any 
iralne  for  the  contact  surfaces  of  telephone  transmitters,  should 
tk)  prove  to  Iw  llio  only  Hubstjince  suittKi  to  tlic  light  giving 
portion  of  electric  lamps.  Mr  Edison  does  not  employ  the  car- 
bon so  familiarly  known  in  connection  with  electric  lighting, 
hat  a  new  article  having  different  ([ualitics,  and  remarkable  >toth 
for  the  simplicity  of  the  process  by  which  it  is  nuide  aud  its 
efficiency  as  a  tight  giving  body  when  raised  to  incandescence 
by  the  passage  of  an  electrical  current. 

Tlie  discovery  of  this  new  form  of  carbon  wa«  partly  acci- 
td.  but  more  the  result  of  Mr.  Edisons  faculty  of  seizing 
m  the  slightest  saggestion  and  following  it  as  long  as  it  invites 
investigation. 

Previous  to  Mr.  Edison's  invention  of  the  carbon  filament, 
light  by  incandescence  liail  been  obtained  from  nxls  of  carbon 
of  one  to  four  ohms  resistance,  placed  in  closed  vessels,  in  which 
the  atmospheric  air  had  been  rephiced  by  >fase£i  that  do  not 
combine  chemically  with  the  carbon.  Tho  vessel  holding  tbe 
burner  bad  been  composed  of  gla;*s  cemented  to  a  metallic  base. 
The  connection  between  tho  leading  wires  and  the  carbon  hod 
been  obtained  by  clamping  the  carbon  to  the  metal.  The  lead- 
ing wires  bad  always  been  large,  so  that  their  rt^sistancc  should 
be  many  times  less  than  the  burner,  and,  in  general,  the  attempts 
of  previous  persona  had  been  to  reduce  the  resistance  of  the 
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carbon  rod.  The  disadvaDtagcs  of  following  this  prncliee  we: 
that  a  lamp  having  b«t  one  to  four  ohms  resistance  could  not  be 
worked  iu  great  numbers  in  multiple  arc  without  the  employ- 
ment of  main  conductors  of  enormous  dimensions ;  and  thaC^ 
owing  to  the  low  resistance  of  the  lamp,  the  leading  wires  must 
be  of  large  dimensions  atid  good  conductors,  and  n  glass  globe 
could  not  be  kept  tight  at  the  place  where  the  wires  pass  in  and 
are  cemented;  hence  the  carbon  was  consumed,  because  there 
must  be  almost  a  perfect  vacuum  to  render  the  carbon  stabi 
especially  when  such  carbon  is  small  in  mass  and  high  ia  < 
trical  resistance. 


Fi</.  8i. 
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The  use  of  a  gas  in  tlie  receiver  at  the  atmospheric  pressure, 
although  not  attacking  the  carbon,  served  to  destroy  it  in  time 
by  air-washing,  or  the  attrition  produced  by  the  rapid  passage 
of  the  air  over  the  slightly  coherent  highly  heated  surface  ot 
the  carbon.     Mr.  Kdison  changed  all  this. 

The  tirst  carbon  prepared  by  Mr.  Edisou  for  this  purpose  was 
foiTOed  of  a  thread  enveloped  in  a  paste  made  of  lampblack  and 
tar,  and  carbonized  at  a  high  tem|>erature.  This  carbon  thread, 
although  uot  remarkably  successful,  gave  sufhcient  encounige- 
ment  lo  warrant  further  investigation  in  the  same  direction. 
After  the  trial  of  a  number  of  other  substances,  it  wxs  deter- 
mined that  paper,  without  lampblack  or  other  application,  was 
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w*two  figures,  it  wUl  be  observed  that  the  paper  shrinks  enor- 
'WHuly  during  the  process  of  carl)onization. 

The  manuixLCturc  of  thc^  little  carbon  horseshoes,  as  they  are 
Oiiled,  was  very  simpla  The  paper  blanks,  after  being  cut  by 
dies  in  the  form  shown  in  Fig.  82,  were  subjected  to  heat  sufli- 
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ciently  strong  to  drive  olT  hy  destructive  distillation  all  volatile 
matters.  The  paper  liuraeshoes  thus  prepared  were  placed  with 
alternate  Iayt?i:s  of  tissue  paper  in  shallow  iron  boxes,  aad 
weighted  down  with  thin  plates  of  ordinary  carbon.  These 
boxes  were  closed  hy  tight  fitting  covers,  and  phu-ed  in  aniufOe. 
when  they  were  raised  to  a  high  tcniiicrature,  which  was  niain- 
lainel  for  a  consitltrable  time.  The  only  index  of  the  comple- 
tion of  the  process  was  the  crackling  of  the  oxide  formed  on 
the  exterior  of  the  iron  boxes.     After  cooling,  the  carbons  were 
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removed  from  the  iron  boxes  and  placed  between  the  jaws  of 
small  platinum  vises  a  a  (Fig,  83),  which  were  aupi)orted  on  thin 
platinum  wires  blown  in  the  glass  base  and  forming  the  elec- 
trodes. A  portion  of  the  glass  base  and  the  carbon  and  its  sup- 
ports wore  inclosed  in  a  ghuss  bulb,  from  which  the  air  was  so 
completely  exliausted  by  moans  of  a  Sprengel  pump  that  only  a 
millionth  part  of  the  original  volume  remained. 

Mr.  Kdison  has  improved  the  Sprenge!  pump  so  tbat  high 
vacua  may  be  produced  in  25  minutes,  instead  of  the  46  hours 
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coosomed  in  the  operation  by  aome  of  oar  physicists.  The 
\icuuni  is  80  nearly  perfect  that  none  of  the  tests  to  which  the 
lamps  have  been  subjected  so  far  indicate  the  presence  of  the 
slightest  trace  of  air. 

For  making  his  Sprengel  pumps  and  other  vacuum  apparatus, 
Mr.  Kdtson  fortxmately  secured  the  services  of  an  expert  glaws 
worker,  who  was  formerly  engaged  in  the  laboratory  of  tlie 
funcHui  Geiasler,  of  Bohn, 

The  electrical  resistance  of  the  slender  carbon  horseshoe  was 
100  ohms,  and,  while  the  lamj)  shown  in  Fig.  84  was  intended 
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to  afford  a  light  equivalent  to  a  single  four  feet  gas  jet,  it  conld 
W forced  to  give  a  light  equal  to  that  of  8  or  10  such  jets. 

One  of  the  most  remarkable  experiments  connected  with  the 
czkibitioa  of  these  lamps  was  that  of  connecting  one  of  them 
witli  the  main  electrodes  by  means  of  a  yard  of  Na  3*5  copper 
'fife,  no  larger  tlmn  a  horse  hair.  The  light  was  maintained 
irithout  heating  this  very  small  conductor.  Of  course,  a  wire 
oftliUsize  is  too  small  to  use  in  regular  practice,  but  it  stiik- 
tngly  exhibit  the  advantage  of  having  a  light  giving  body  of 
high  resistance. 
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This  cArbon  was  very  lough  and  flexible,  and  not  liable  to  be 
broken  or  iujured  by  jars,  and  could  not  only  withstand  rough 
mechanical  usage,  but  it  was  also  proof  against  injury  by  Bud- 
denly  turning  on  and  ofE  the  electric  current.  One  of  these 
carbons  was  subjected  to  the  severe  test  of  applying  and  remov- 
ing the  electric  current  a  numberof  times  equivalent  to  36  years 
of  actual  daily  use,  and  yet  the  carbon  was  not  in  the  least  im- 
paired. 

The  lamp,  in  its  original  form,  was  as  simple  as  a  candle, 
and,  candlo-like,  it  could  be  taken  from  its  socket  and  replaced. 
This  could  be  done  while  the  current  was  on. 

The  construction  of  the  socket  which  supported  the  lamps  in 
the  earlier  form  is  shown  in  Fig.  86. 

The  lamp  has  attache<l  to  its  electrodes  slips  of  copper,  which 
arc  bent  upward  against  the  sides  of  the  glass,  and  touch  two 
spring  at  opposite  sides  of  the  socket  One  of  these  springs 
is  connected  with  one  of  the  electrical  conductors ;  the  other 
spring  merely  touches  the  copper  strip,  and  docs  not  form  a 
part  of  the  electrical  conductor  until  it  is  touched  by  the  thumb 
screw,  h,  this  screw  being  connected  with  the  second  electrical 
conducting  wire.  To  stait  tlie  light  it  is  only  neccssar>'  to 
turn  the  screw,  6,  until  it  touches  the  spring.  To  stop  the  light 
the  screw  is  turned  in  the  reverse  direction.  From  this  it  will 
be  seen  tliat  tlic  electric  lamp  is  managed  easier  than  a  gas 
burner,  as  it  requires  neither  lighting  nor  regulating. 

The  lamps,  as  well  as  their  supports,  have  undergone  a  good 
many  changes  since  their  invention  by  Mr.  Edison,  in  1879. 

Greater  success  attended  the  use  of  carbons  made  from  a 
naturally  fibrous  material  capable  of  carbonization — for  in- 
stance, wood  formed  into  proper  fihaj)e  and  then  carbonized, 
than  from  those  made  from  paper ;  and  Mr.  Edison  found,  that 
the  best  results  were  attained  by  the  use  of  those  materials 
which  are  fibrous,  and  wherein  the  fibres  making  up  the  m  'ss 
of  material  Me  naturally  i>arallel,  so  that  the  individual  fibres 
extend  from  end  to  end,  increasing  its  strength  and  obviating 
danger  of  breakage  from  cross  or  oblique  grain. 
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To  produce  the  best  reaultd  in  giving  light  it  ia  essential  that 
the  carbons  should  be  of  uniform  size  throughout  the  portion 
tbtis  rendered  incandescent,  in  order  that  the  radiating  »ur- 
E&C8  and  resistance  should  be  r^ular  and  unifonn,  insuring 
eren  healing  and  incandescence. 

To  effect  this  object  Mr.  Edison  sought  to  produce  a  slip  or 
filiment  for  tlie  carbon  having  jmrnllel  fibres  and  of  uniform 
size;  an<l  to  this  end  produced  a  carbon  made  of  the  materials 
and  in  the  way  hereinafter  described. 

He  found  that  for  the  purpose  of  the  carbon  filament  cane 
Utnboo  was  eminently  suited,  it  having  long  parallel    fibres, 
vilh  a  minimum  of  cementing  or  other  foreign  matters.     The 
mne  bamboo  is  cut  into  strips,  from  which  the  hard,  glossy,  or 
silicious  exterior  and  the  pithy  interior  have  been  Itefore  re- 
lowed,  or  from  which  they  are  now  removed.     Eacli  strip  is 
then  cut  or  shaved  by  proper  devices  or  machinery,  nnlil  its 
liodj,  or  part  intended  for  light-giving,  is  reduced  to  the  de- 
sired (bnn  and  size,  the  ends  being  forTn(?d  into  enlargements, 
afbrding  a  good  bearing  or  surface  for  uniting  the  finished  car- 
lioDs  to  metallic  conductors,  and  the  enlargements  of  the  ends 
ue  formed  entirely  upon  the  side  of  the  finished  slip  which 
ferns  the  blank  for  carbonization,  instead  of  upon  both  sides. 
This  construction  enables  the  blank,  when  placed  on  edge  in 
the  earbonizer,  to  more  readily  move  therein  us  it  is  contracted 
in  the  process  of  carbonization.     As  the  material  shrinks  in  the 
process  of  carbonization,  the  finished  carbon  being  smaller  than 
the  blank,  allowance  is  to  be  made   therefor  in  preparing  the 
blanks,  and  they  are  made  pr()|)ortiouately  larger  than  the  size 
<l»ired  for  the  finished  carbon.     One  or  a  number  of  blanks 
thai  prepared  are  then  placed  in  a  suitable  carbonizing  oven  or 
iluk  and  thoroughly  carbonized. 

It  was  found  thai  in  manufacturing  carbv>n  filaments,  for  use 

as  the  incandescing  conductors   in    electric   lights,  that  they 

«HoiiId  1)0  carbonized  evenly   and  uniformly,    and   that  their 

j  shape  should    bo   preserved,    in    order  that   the   carlx>nization 

[sbQuId  be  e£fcctc<]  without  warping  or  twisting  the  body  of  the 
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carbon.  As,  however,  the  inuierial  contracts  largely  in  the  pro- 
cess  of  ctirbunizatioD,  means  are  required  which,  while  holding 
the  material  in  posiiitm  to  avoid  twisting  or  warping,  shall  at 
the  same  time  guamntec  oven  uinl  thoroueli  carbonization,  ami 
permit  the  matenal  to  move  so  that  the  inevitable  contraction 
during  tlie  jirocess  may  proceed  without  danger  of  rupturing  or 
otherwise  daniagiug  the  carbon.  Mr.  Edison  acxiomplishcd  this 
object  i>y  an  ingenious  device  by  which  the  Ulament  U  kept 
under  strain  during  carbonization,  with  one  or  more  points  fixed 
agiiinst  moving,  and  the  coatrauUtm  ])rocjceds  against  the  strain, 
which  constantly  keeps  the  filament  against  or  in  contact  witli  a 
former,  preserving  ita  shape  and  obviating  any  risk  of  warping 
or  twisting.  In  all,  provision  is  made  for  keeping  the  enlarged 
ends  of  the  carbon  flat  and  in  tlieir  proper  relative  position. 

The  filament  used  is  one  cut  or  formed  from  a  fibrous  material, 
so  that  the  body  is  perfectly  uniform  in  size  throughout  its 
lenjilh,  and  with  enlarged  ends  upon  one  ctlge. 

In  the  manufacture  of  his  lamps  Mr.  Edison  found  that  ihero 
is  a  considerable  quantity  of  air,  gas,  and  aqueous  vapor  oc- 
cluded iu  the  carbon  filament  and  the  clamps,  which  are  not  re- 
moved from  the  lamp  by  the  action  of  the  pum|\  but  liave  to 
be  driven  off  by  raising  the  carbon  filament  to  incandescence 
by  the  passage  of  au  electric  current  through  the  same. 

Mr.  Edisou  had  invented  a  method  of  driving  the  air  from  a 
platinum  incandescing  conductor  by  the  heat  of  the  conductor, 
when  raised  to  incandescence  by  tlie  passage  of  an  electric  cur- 
rent through  it  In  applying  this  methotl  to  a  carboQ  fila- 
ment, liowever,  some  changes  had  to  be  made,  occasioned  by 
the  increased  quantity  of  air,  gas,  and  aqueous  vapor  occluded 
by  the  carbon  filament,  and  also  by  the  fact  that  the  air  had  to  l>e 
driven  from  the  enlarged  ends  of  the  filament  and  from  the 
metal  clamps  wholly  by  conduction  of  heat  from  the  incandes- 
cent botly  of  the  filament  These  changes  in  the  method 
consist  principally  in  maintaining  the  incandescence  of  tlie 
carbon  filament  for  a  longer  period  than  with  a  metallic 
incandescing  conductor,  and   in   raiding   the  carbon  filament 
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gradaallj'  to  a  higher  degree  of  incandescence  than  with  the 
meiallic  conductor.  With  the  carbon  filament  the  incandes- 
(Xnce  finally  produced  in  the  process  of  exhaufition  is  always 
liighertlian  tlio  degree  of  incandescence  to  whit^h  tho  filament 
Trill  bo  raised  in  use.  With  tho  carbon  filament  (in  this  respect 
(lifEering  frora  tlie  jjlatinum  conductor)  it  ia  desirable  that  greater 
flpxibility  should  be  given  tho  filament  than  it  would  have  if 
tWlamp  were  exhausted  simply  by  the  action  of  the  pump,  so 
iliat  tlie  carlwn  filament  can  withstand,  without  fracture,  tho 
jars  to  which  it  will  be  subjected  in  handling  and  transportation 
previous  to  the  use  of  the  lamp.  This  additional  flexibility  is 
given  the  carUni  filament  by  the  passage  of  an  electric  current 
through  the  same,  the  operation  being  simultaneous  with  that  of 
driring  out  the  occlude».l  air,  gas,  and  aqueous  vapor.  It  is 
slso  desinible  to  fix  the  shape  of  the  carbon  filament  during  the 
rctniifacture  of  the  lamp,  so  that  the  character  of  the  lamp  can 
bedcterrained,  since  some  of  the  filaments  are  warped  or  bent 
more  or  less  to  one  side  or  the  other  when  raised  to  incandes- 
coifie;  but  V>y  raising  the  carbon  filament  to  higher  incandes* 
oence  than  that  to  which  it  will  be  raised  in  use,  the  shape  of  tho 
fittnent  will  be  fixed  and  determined,  and  will  not  be  changed 
bytbefiihire  Ui*e  of  the  lamp.  Tliia  operation,  wliicli  is  peculiar 
fcube  carbon-filament  operation,  is  also  simultaneous  with  that 
of  driving  out  the  occluded  air,  and  aqueous  vapfjr. 

Iri  carrying  out  the  process,  the  parla  of  tiie  lain  p  are  assembled 
and  united.     The  lamp  is  then  attachetl  to  the  exhausting  ap- 
jarania  (a  Sprengel  drop-pump),  and  when  tlte  proper  higU  de- 
gree of  exluiustion  has  been   obtained,  an   electric  current   is 
passed  through  the  lamp,  and  by  cutting  resistince  out  of  cir- 
cuit tlie  filament  is   gradually  raised  to  incandescence.     The 
filimeiit  is  kept  fur  some  time  at  a  medium  incandescencej  the 
operation  of  the  exliuusting  appamtiLs  l>eing  mennwliile  con- 
tinned.     Tlie  filament  is  then  raised  to  a  much  higher  incaudes- 
ceDce  by  the  cutting  out  of  more  resistance,  until  the  air  and 
guaad  uqueous  vapor  have  been  driven  from   tlie  enlarged 
cods  of  the  filament  and  the  clamps,  which  can  be  readily  de- 
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tcrminM  hy  thf  disappearance  of  a  blue  or  violet  color,  which  is 
seen  at  ibo  clamps  while  the  gas  and  vapor  are  being  driven  off. 
Thin  high  iucandescence  is  c^osiderably  higher  than  that  at  whicli 
the  lamp  is  designed  to  be  used,  it  being  from  thirty  caudle- 
power  upward  in  a  lamp  designed  to  give  sixteen  candle-power. 
A  ooosiderable  portion  of  the  work  of  manufacturing  the 
lamps  is  performed  by  machinery,  by  which  greater  uniformity 
is  insured,  but  the  chain  of  operations  by  which  the  single  ma- 
terials are  converted  into  a  finished  incandescent  lamp  is  ideDti- 
cal  in  itM  set[uence  and  character  with  that  of  hand-made  lamjis, 
and  will  be  understood  from  Figure  86.  The  bulbs  or  flasks 
are  delivered  from  the  glass  works  in  the  form  shown  at  No.  1. 
The  tirst  process  is  to  heat  the  closed  end  and  ilraw  out  a  hollow 
cone,  shown  in  No.  2.  To  this  Httle  cone  is  then  fused  a  short, 
fine  tube  (No.  3),  by  whicli  the  envelope  is  afterwards  to  be 
attached  to  the  exhausting  appamlus.  The  bulb  then  pres<mLs 
the  appearance  shown  at  Na  4.  The  next  process  is  to  prepare 
the  glass  stem  by  which  the  carbon  filament  ia  held  in  its  place 
within  the  globe,  and  within  which  the  ]>lutinum  conductors  are 
fixed  that  are  to  join  it  to  the  connecting  fittings.  A  piece  of 
tube  (No.  6)  is  taken,  and  its  two  ends  are  drawn  or  tapered  off, 
as  shown  in  No.  6.  It  is  then  thickened  up  in  two  places 
(No.  7),  between  which  it  is  divided  into  two  separate  tubes, 
shown  at  No.  8  and  No.  9.  Two  platinum  conducting  wires  are 
then  passed  through  the  tube,  as  shown  in  Na  10,  care  being 
taken  that  they  do  not  touch  one  another.  The  largo  end  is 
then  heated  nearly  to  its  point  of  fusion,  and  is  srjueozed  flat  so 
as  to  cause  the  platinum  wires  to  he  closely  imbedded  within 
its  substance.  Tbe  little  cranked  pieces,  shown  in  No.  11.  are 
then  soldeivd  to  tlie  ends  of  the  wires,  and  to  these  arc  attaclicl, 
by  an  electro  deposit  of  pure  copper,  the  ends  of  tbe  carbon  Uiop 
to  be  presetiiiy  described.  The  glass  stem  with  the  carlion  fila- 
ment attached  is  tlien  introduced  into  the  neck  of  the  bulb,  to 
the  month  of  which  its  thickened  portion  ia  attached  by  fu.sion. 
so  as  to  form  witli  it  one  piece  of  glass.  The  drawn  down  end 
is  then  trimmed  off  square,  as  shown  in  No.  12,  which  also  illtis- 
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trates  the  drawing  down  in  two  jjlaces  of  the  exliaiialing  t«})e, 
Eo  as  to  form  twucapillan'  contractiouB.    This  tube  having  been 
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tube  attached  to  the  bulb  by  a  capillaiy  neck,  but  exbuudteil  lo 
the  same  degree  of  internal  residual  pressure.  A  second  sealing 
off  at  tliis  neck  renders  the  hermetic  closing  of  tlie  lamp  com- 
plete, tho  object  of  the  double  sealing  being  to  guard  againist 
any  leii king  into  the  envelo|>e  at  the  moment  of  detaching  it 
from  the  pump ;  and  by  fusing  a  liltle  globule  of  glass  upon  the 
sealed  ofl  point,  as  seen  in  No.  13,  all  possibility  of  an  opening 
being  left  into  the  outer  air^  however  minute,  ia  removed. 
Nothing  now  remains  but  to  attach  the  terminal  fittings  to  the 
stem  of  the  bulb,  and  the  lamp  shown  in  No.  1-i  is  complete. 

Itx  the  construction  of  the  carbon  filaments  in  his  lamp  Mr. 
Edison,  as  we  have  seen,  after  making  u  long  series  of  experi- 
ments to  a.scenain  the  best  ina.terial  to  be  empio3-e*l,  in  which 
he  cybouized  a  large  number  of  Tt^etable  fibres  and  tissues, 
arrived  at  tho  conclusion  that  the  fibres  of  certain  kinds  of  bam- 
boo offered  the  greatest  advantages,  both  for  facility  of  manipu- 
lation and  for  uniformity  of  structure,  for  tlie  preparation  of  the 
incandescing  conductors.  In  the  Paris  Exhibition  of  Electricity 
Mr.  Kdison  exhibited  a  large  collection  of  specimens  of  ijbrcs 
and  other  materials  experimented  upon,  amongwhich  there  were 
examples  of  some  twenty  varieties  of  bamboa  jjM 

Figure  87  is  illustrative  of  the  general  operations  inyolvcd  in 
the  preparation  of  the  bamboo,  all  of  which  are  carried  on  by 
boy£.  Canes  of  this  material  are  first  sawn  into  pieces  of  the 
reifuired  length  (No.  1),  whicb  are,  from  the  character  of  the 
plant,  naturally  tubular.  One  of  these  pieces  is  then  split  longi- 
tudinally down  the  middle  into  two  half  tubes  (Nos.  2  and  8), 
eacK  of  which  is  again  ei>lit  into  three  narrower  strips  (Nos,  4 
and  6) ;  the  hard  silicious  outer  covering  peculiar  to  tho  plants 
of  the  bamboo  family  is  then  removed,  and  tlie  straight  fibrous 
|>ortioa  is  shaved  down  to  a  uniform  thickness;  these  stages  of 
the  process  are  represented  by  Nos.  6  to  9,  the  latter  of  wliich  is 
(►erfectly  straight,  fiat,  of  uniform  thickness  throughout,  and  cut 
to  the  required  length.  The  ncxtstep  in  the  process  consists  in 
pressing  one  of  these  flat  strips  between  two  metal  blocks  which 
arc  accurately  surfaced  lo  one  another,  so  as  partly  to  project 


M  as  to  leave  a  Hue  thread  of  bamboo  tibre  having  enlarged  por- 
tions at  either  end,  an  sliown  in  No.  10,  or  if  the  iutenJeil  lila- 
nwotB  are  forth©  lialf  lamps,  an  enlarged  portion  is  left  in  the 
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middle  aa  well  as  at  tlio  two  ends  (No.  13),  sq  that  two  filaments 
may  be  conBtnictetl  out  of  the  same  bamboo  strip.  The  threads 
so  far  prepared  ate  then  laid  la  moulds  conaisting  of  nickel 
plates,  in  which  grooves  are  cut  of  the  forms  shown  in  Nos.  11, 
12,  14,  16,  Ifi,  or  17 ;  a  flat  nickel  plate  i.s  then  lixcd  overthem, 
so  as  to  inclose  them  and  prevent  the  admissioa  of  air  dtiriug 
the  process  of  carbonization,  which  is  effected  by  raising  the 
mtiulds  witli  their  contents  t4)  a  high  temperature,  by  plating 
them  in  a  miiffle  and  heating  them  to  incandescence.  When 
the  moulds  are  opened  the  lilamciits  are  in  a  condition  to  l>e 
electro -plated  to  their  jjlatinuin  support^  and  introduced  into 
the  lamp  bulbs;  but  yet  another  process  is  i-cquired  to  confer 
upon  them  their  perfectly  homogeneous  and  elastic  chanicter,  as 
■well  as  their  rofnictory  nature  at  high  degrees  of  incandescence, 
which  are  such  essential  characteristics  in  an  incandescent  lamp. 
This  further  process  is  applied  when  the  lamp  is  attached  to  the 
pump,  and  whUo  exhaustion  is  going  on ;  it  consists  iu  alternately 
heating  und  ciwling  the  filament  in  the  Sprengel  vacuum,  by 
parsing  currents  of  electricity  through  it  of  increasing  strength, 
until  liigh  <lcgiees  of  incandescence  arc  reached,  and  between 
Ciieh  increase  of  current  allowing  it  to  cool  down,  exhaustion 
going  on  all  the  tima  By  this  process,  not  only  are  the  oc- 
cludetl  ga.<iies  eliminated,  but  as  the  fibre  is  subjected  to  a  far 
more  severe  test  than  it  can  ever  be  subjected  to  in  working, 
none  but  the  fittest  survive,  and  a  healthy  generation  of  lamps  is 
insured. 

The  horseshoe  of  the  carbon  has  a  great  advantage  over  the 
straight  pencil  or  the  voltaic  arc,  the  light  being  more  diffused, 
and  therefore  softer  and  mellower,  casting  no  sbarj)  black 
sliadows,  nor  giving  sm:h  intense  light  as  to  be  painful  to  the 
eyes.  The  light  resembles  tluit  of  a  gas  jet,  excepting  in  the 
matter  of  steadiness,  the  electric  light  being  perfectly  uniform 
and  steady. 

The  lamps  are  connected  in  multiple-arc — cliat  is,  the  two 
wires  leading  from  the  electrical  generator  run  parallel  to  each 
other,  and  the  lamps  are  place<l  between  and  cozmeeted  with 
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each  wire.  As  Mr.  Edisou  has  his  circuit  arranged,  it  does  not 
nuke  the  slightest  difference,  so  far  a^  the  latnps  are  concerned, 
whether  one  or  fifty  of  them  arc  in  use  ;  it  does  make  a  differ- 
«ooe,  however,  in  the  power  consumed  at  the  generator.  The 
regulation  of  the  current  is  reduced  to  the  simple  matter  of  vary- 
ingthe  intensity  of  the  magnetic  field  in  which  the  aitnature  of 
the  generator  revolves. 

The  entire  lighting  apparatus  of  a  house,  store,  office  or  fac- 
tory, oonsists  in  the  lamps  and  a  few  wirea  There  are  no  regu- 
lators, no  complicated  switches,  no  resistance  coils  to  replace 
the  IftiDps  when  the  latter  ore  not  in  use. 


Fig.  88. 

Tbfi  present  form  of  the  Edison  lamp  is  shown  in  Fig.  88.  It 
*wi8i«ia  of  a  clear  glass  globe  exhausted  of  air,  into  which  is 

iloi  a  tilament  of  carbonized  Imraboo,  but  a  little  thicker  than  a 
!  hair.  Two  platinum  wires  connect  this  lilament  with  u 
nMallie  screw  and  lip  on  the  plug  below,  which  in  turn  make 
«ectrical  connection  with  corresponding  parts  of  a  socket  into 
fbich  the  lamp  is  screwed.  The  socket  may  be  fitted  to  nny 
fonn  of  ga.s  fixtures.  The  wires  occupying  the  current  are  fas- 
tened to  it;  so  that  wlien  the  lamp  is  in  position  the  platinum 
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oontluctors  and  the  carbon  filament  constitute  a  part  of  the  elec- 
trical circuit,  the  current  being  cjDoveyed  into  the  lump  hy  one 
wire  mill  nut  again  hy  the  olber.  ^M 

Figs.  89  and  90  represent  the  lamp  and  socket,  and  the  method  ^^ 
of  attachment,  showing  tho  tap  by  which  tbo  light  is  turned  on 
and  oiL  After  the  lamp  is  oaee  screwed  into  the  socket  it  needs 
no  further  attention  or  ciire  until  the  carbon  breaks;  then  the 
oil!  himp  is  taken  out  and  a  new  one  put  in.  Each  light  is  en- 
tirely independent  of  any  other.  Hence  they  may  be  arranged 
and  controlled  singly,  in  pairs,  or  in  groups  of  any  iiuiuber,  and 
in  any  position,  inverted  or  otherwise. 


F^fft.  89  and  90. 


Mr,  Edison  prefers  in  his  electric  lighting  to  use  an  incandes- 
cent lamp,  which  thall  give  a  light  about  equal  to  a  standard 
gaa  jet  of  eiglit  or  sixteen  candle  power.     In  order  to  insure 
©oonomy  of  material  in  the  conductora  therefor  the  incandescing;^^ 
portion  is  usually  of  very  hifrh  rasistancc.     The  resistance  imually  " 
given  them  is  sufficient  for  any  desired  economy  in  opdinadl^' 
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ihickly  8Cttl(5tl  Iixailities.     For  iise,  however,  in  sj>arficiy  settled 

neiirliborltofKia — as,  say,  the  outskirts  or  nuburlw  nf  n  town  or 

city — It  may  be  deamble  to  have  a  lamp,  l>y  tlio  itse  of  wUicli 

^ill  gruatcr  economy  of  conductor  w  attained.     In  such  hwali- 

ti'es^  in  or<lep  to  lessru  the  niimVier  of  lighu  nwded  in  strecLs,  it 

au*v  be  also  desirable  to  have  a  lamp  in  which  the  volunio  of 

%Ut  bi  mcrcQtfod,  in  order  that  economy  in  the  eructioii  of  lam^i 

josts  etc.,  may  ))0  subsen-cd;  and  it  nuiy  also  be  dfsinihle  to 

nse  lonips  in  which  tlio  volume  of  liglit  may  bo  iiicreaswl  in 

otlnerlocahties.     As  there  is  eventually  a  Uniit  to  the  effective 

life  oi  the  cju-bons  u.scd,  it  seems  tlcainible  to  sty  arraii;|jo  a  laniii 

tu^ttliO  o[>crutivc  life  of  the  lamp  miiy  be  prolougi^d  l>cyonfl  the 

sv"eLriige  life  of  a  carbon,  to  the  end  that  tho  cost  of  tlio  hibor  ex- 

pGriJed  in  cmlwdyiug  a  carbon  in  a  lump  niay  be  reduce<l 

lo  acuoinpliiiih  this  objwt  an  inclosing  globe  is  ujsc<l,  made  and 
I'^t  Vigetlier  in  the  usual  manner.  To  the  inner  end  of  one  of 
iHo  Miiductors  leading  into  the  lam  p  is  fastened  a  double  clara|>— 
ll^at  is,  one  which  is  Y-shapcd,  a  carbon  being  fastened  1o  cacli 
liiiib  of  the  Y'^^'^^P*  ^^  *^'**^  other  end  each  carbon  is  fixed  in 
a-i*  iiHlividuul  clamp,  oatrh  clamp  having  its  own  conductor  lead- 
^K  •^•utsidc  of  the  lomii.  The  wires  lending  out  of  the  lamp  ami 
tl"e  wires  loading  fi-om  a  suitable  source  of  electricity  are  united 
Ht  a  circuit-controlling  device  constructed  so  that  it  may  close 
the  circuit  thrrmgb  either  carlxin,  tho  circuit  through  the  other 
ronmining  open;  or  it  nuiy  dose  tho  circuit  through  both,  as 
carbons  iu  a  scries ;  or  it  may  close  a  circuit  thiYiugh  each,  the 
'm-iuLs  through  them  being  derived  or  niultiple-aro  circuius. 

TVlicn  both  carlxms  are  ust;ii  in  multiplo  arc  it  is  evident  that 

t^e  net  resistance  of  the  circuit  is  one  half  the  resistance  of  one, 

Kni\ti  I'^rtain  size  conductor  is  re<|uirfd.     if  both  are  ust^d  iu 

^rics,  the  resistance  is  double  that  of  one  and  four  times  that  of 

tlic  inultiplo  arc,  in  which  case  tho  conductor  may  bo  diminished 

^ree  fourths.     As  the  volume  of  light  istluitof  Iwoonlinary 

•MQps,  it  is  evident  tliat  a  much  less  number  may  bo  iwcd  with 

ilio  name  light-giving  result.    Thus  economy  in  laying  main  con- 

J^cturs  and  in  tho  erection  of  lamps  is  secured. 
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Tt  is  evident  that  ns  only  unt;  curlxm  niny  be  iiacd  at  u  ' 
hy  8o  using  one  only  at  a  time  the  life  of  a  manufaciurctl  lamp 
U  practictilly  liuubkil,  fur  where  one  carbon  has  I'eaebed  itseSeo^l 
Live   limit,  tlio  circMiit   through  it  ia  trannferred  to  the  other, 
tlma  saving  the  expense  in\-(ilvt^l  in  sealing  one  carbon  in  it$ 
globe,  the  cost  of  a  globe  and  of  its  exhaiisliuu.     Figure  91  shov 
one  of  these  lanijM*  arrmigetl  with  two  carbons,  and  Figure  ' 
■with  four  carbons. 

In  this  pystein  of  electric  lighting,  wherein  the  lamps  are  ii 


tended  to  give  only  the  volume  of  light  of  a  standard  sixteen! 
candle-power  gas  jc-t,  it  ia  desirable  tliat  fittings  fur  carrying  and 
supporting  llie  lamjw  should  be  devijseil  as  nearly  resembling 
those  vhieh  experience  has  showu  to  be  most  desirable  in  gas- 
lighting  as  tlie  ditlerence  in  the  hghting  agents  will  adiuiL  J 
One  of  tlie  most  useful  devices  in  gas-lighting  s^'Sieins  ia  the 
swinging  bracket,  as  it  gives  a  degree  of  adjustability  to  the  posi- 
tiou  of  the  light  Where  it  luis  been  attempted  for  any  purpo; 
to  run  an  uluctrle  circuit  llu\>»igh  such  a  (Ixture  in  such  niunnei 
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tbl  the  circuit  shoultl  be  preserved  in  any  relative  position  of 
the  anns  of  the  bracket  or  of  a  single  arm  to  its  base,  the  connec- 
tions fw  such  purpoo  Iiavo  been  exposed  Sm-li  an  aminge- 
mmi  is  defoctave,  in  tliat  lliere  \a  danger  of  accidental  connection 
or  ibort  circuiting",  and  liability  to  deterioration  of  eleetricol  con- 
Bct&wn  dust  and  dirt  settling  upon  tlio  contiict  surfaces. 

Mr.  Etliaon  has,  therefore,  provided   a  swinging  or  hinged 
bncket  imn  for  carrying  and  e;upj>orting  an  electric  lamp,  ai- 
Wtgti  to  preserve  the  electric  circuit  in  any  relative  position  of 
Ibc  ums  to  each  other,  and  of  an  ami  to  the  base,  and  in  which 
the  connections  are  incased,  so  as  to  be  preserved  from  danger 
of  aocidenuil  electrical  connection,  and  so  as  to  be  protected  from 
ittst  or  dirt     Thia  he  accomplishes  as  follows :  One  of  the  arms 
is  pptnided  witli  a  box  or  case  of  auitaUo  size  at  its  end,  in 
»lucli  tbe  pivot  proper  is  to  turn.     To  the  other  arm  is  secured 
tie  pivot,  made  of  insulating  material,  upon  which  are  secured 
two  Kparate  metal  bands  or  rings,  which  form  tlio  tenninula  of 
the  conductors  pacing  through  this  arm,     Tiio  jiivot  passes  into 
Hifijntcrior  of  the  box  or  case  on  the  other  una  through  an  aper- 
ture in  its  top,  the  sides  of  the  aperture  furming  a  bearing  for 
tltejNTot,  the  bottom  of  the  pivot  resting  uj)ou  the  bottom  of  the 
box  or  cjise,  and  there  seciu-ed  by  a  screw  passing  through  the 
bottom  of  the  box  into  it  and  forming  a  centre  u[yuii  which  it 
nay  turn.     The  conductors  in  the  arm  carrying  the  box  pass 
thtOugh  the  arm  into  the  box,  and  tenmimio  theri;in,  en-  li  in  a 
■pnng,  the  two  springs  being  insuhited  from  each  other  and 
ft^ured  at  one  end  to  the  interior  of  the  box,  from  which  they 
ue  alao  insuhited,  their  oUierends  beai-ing  upon  the  nicud  bunds 
w  rings  of  the  pivot,  one  on  each.     As  each  spring  then  bears 
Qpouiia  ring  or  baud  during  tlie  entii-e  rotation  of  the  arm,  it  is 
evident  that  the  circuit  is  always  completed  frt)m  one  arm  to  tlio 
otber,  irrespective  of  Hieir  relative  positions,  and  so  an  electrical 
lamp  bracket  is  made  possible.     '1  "be  bracket  rany  consist  of 
aoy  nmnber  of  such  arm^,  pivoted  tugetln;r  in  like  manner. 

Instead  of  springs  within  the  box,  an  insulatmg  cylinder,  with 
toterior  metal  rings,  arranged  to  coincide  with  thu  rings  upon  the 
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pivot,  may  >jo  iised,  or  the  box  itself  may  be  of  insulating 
material,  with  such  rings  in  its  pivotal  cavities,  or  to  an  insulated 
pivot,  or  spindle  springs  moy  be  fixed  to  bear  upon  rings  upon 
the  interior  of  an  insulated  cylinder  or  pivot  receptacle,  or  one 
ring  and  one  spring  may  be  used,  a  single  conductor  paitsmg 
thmugh  the  bi-aclcct,  the  metal  of  the  brackot  and  system  of 
pipes  being  used  for  theother  conductor ;  but  such  modificaUons 
would  only  be  equivalents  of  the  springs  and  rings,  as  described. 
Instead  of  having  a  circuit  contn^ller  ItK-uted  ufK>n  llie  fixed 
support  of  the  bracket,  as  is  the  gas  cock  ujK>a  a  gaslight  bruekct, 


it  may  bo  preferable  to  have  it  at  the  himp  iL*ieI£.  In  suuh  • 
a  projijcting  key  or  circuit  controller  would  be  in  dangor  of  j 
dental  displacement  or  breakage. 

In  tliis  arnmgemeiit  a  cirriult  controller  is  prn- 
has  no  projecting  parta,  and  in  wtiit-h  all  llie  t*i 
nectiona  are  so  placed  as  to  be  pivjtocted  Had  freo  front  aU 
diingfir  of  n<'<;idental  diHplacement  or  cont^tct  To  thlfl  Cud  ft 
circuit  controlUir  is  maili>,  in  whicli  iho  mo%*abl 
to  the  user  is  simply  a  plain  band  or  ring  of  ir 
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cket  for  tlie  lamp  is  used,  consisting  of  a  piece  of  insula* 
ig  material  hollowed  out  fi-um   tlie  top,  and  provided  at  its 
base  with  uiuans  for  its  attacbmeut  to  a  pipe,  bracket  or  chande- 
lier arm.     Upon  the  interior  of  the  socket  are  two  metal  ringa, 
-iomiing  terminals  of  the  conductors,  leading  through  the  pipe 
or  otherwise  to  the  sockeL     Ui)on  the  neck  or  base  of  the  lamp 
ftTC  two  rings,  forming  terminals  to  the  conductors,  leading  from 
liie  Incandescing  conductor  of  the  lamp,  and  so  arranged  that 
the)-  ooiucidti  with    the   rings  of   the  socket  when  the  lamp  is 


ng.  9b. 


placed  therein,  so  that  the  circuit  is  completed,  except  as  modi- 
fied by  the  circuit  controller,  by  the  act  of  placing  tlie  lamp  in 
itasockoL  The  conductor  leading  to  one  of  the  rings  of  the 
socket  is  interrupted  or  broken,  the  conductor  leading  to  a  pin 
upon  the  exterior  of  the  socket,  while  a  set'ond  pin  is  placed 
above  and  conUguous  thereto,  which  is  connected  to  one  of  the 
rings  of  the  sockets  The  socket  is  shouldered  up<m  the  exterior, 
and.  ujwn  this  shoulder  rests  a  ring  of  insulating  material  lui"gcr 
than  the  part  of  the  socket  it  inclose.^,  but  with  n  ilunge  extend* 
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ing  inwardly  at  the  top,  so  as  Ui  appro^li  clo3ely  the  upper  part,^ 
a  chamber  being  formed  thereby — the  socket  forming  its  inner 
wall,  the  shoulder  its  base  and  the  flange  its  top.     Upon  the  in- 
terior of  tills  ring  is  fixed  a  wedge  made  of  a  springy  piece  of 
inelal,  beot  back  upon  itself  and  of  such  size  that  its  ext 


Itg.  96. 

edges  contact  with  and  close  circuit  between  the  two  pins  before 
noted. 

Upon  the  socket  within  the  ring  a  spring  pawl  is  fasteni 
taking  into  recesses  cut  upon  the  interior  of  the  ring,  so  ns 
limit  the  movement  of  the  ring  upon  the  socket  and  also  in 


P 


catc,  h}'  the  click  of  the  pawl  ])a38ing  into  a  recess,  when  the 
necessary  amount  of  movemeut  has  been  given.  By  tliis  ar- 
rangement a  reliable  circuit  controller  ia  furnished,  which  may 
be  placed  at  the  lamp  itself,  or  in  exposed  situations,  without 
danger  of  accidental  manipulation  or  breakage.     These  various 
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tmngements  are  clearly  illustratetj  in  the  drawings,  in  wliicli 
Figure  93  is  a  view  of  tlie  socket  antl  controller  in  section,  and 
Figure  9i  a  view  of  a  bracket  arm,  partly  in  section,  with  socket 
Tlieoutgotug  u.nt\  rclurn  wires  enter  the  bracket  at  the  left 
and  are  seoarcd  hv  binding  scn^ws  to  insulate<l  nietil  springs, 
wiiicii  presa  oa  circular  collars,  supported  by  an  insulated  sup- 
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port  which   turns  with   the   bjackeL     The  wires   jMisa  thence 
within  the  bratiket  to  the  bottom  of  the  lamp  holder,  where  they 
connect  with  the  key  which  controls  the  light. 
The  bracket  shown  in  Figure  95  carries  two  articulations,  A 
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and  B,  and  the  electrical  connections  are  made  tlirougb  the  tv 
plates  of  the  hinges,  as  showu  in  Figures  96  and  97. 

The  lanipa  are  formed  of  glass  globes  of  ovoid  form,  cemented 
into  copper  sleeves,  by  means  of  plaster,  and  screwed  into  cylin- 
drical cavities  terminating  the  supports.  ^^ 

Since  tlie   lamps   will   burn  equally   well  in   any  positional 
special  fixtures  are  made  to  support  thetn,  pendant,  horizontally 
or  vertically,  but  a  pendant  lanip  is  far  prcfemble  when  applica- 
ble.    Of  the  three  bnicket  lamps  showu  in  Fig.  98,  the  first  is 
rigid,  the  second  swings  on  one  pivot,  and  the  third  may 


I%g.  99. 

dotibled  back  on  itself,  or  is  elbow-jointed  ;  the  joints  may 
bent  or  revolved  at  pleasure,  without  interrupting  the  current. 
Figures  89  and  100  represent  two  three  light  chandeliers  of  at- 
tractive design. 

As  a  complement  to  this  system,  Mr.  Edison  has  constructed 
portable  chandeliers,  represented  in  Fig.  101,  and  a  current  regu- 
lator, shown  in  Figs.  102  and  103,  which  permits  of  reducing  the 
light  in  any  desired  proportion.  It  is  a  carbon  rheostat,  com- 
posed of  carbon  pencils  of  different  sections,  which,  as  the  cur 
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tvm  poMes  through  one  or  tho  other,  allows  any  desired  inten- 
siiv.  The  apparatus  is  enveloped  iti  a  cylindrical  cover  pierced 
wiih  lioles  to  allow  of  ibe  CA-Mpc  of  beat,  and  surmounted  by  a 
lamp  which  indicatea  to  the  eye  the  desire^l  degree  oi  luminosity. 
It  is  worfced  by  a  disk,  shown  separately  in  the  lower  part  of 
Fig.  102,  and  which  can  be  turned  so  as  to  bring  a  contact  spring 
on  any  one  of  tlio  supports  of  the  carbon,  whose  positioa  \h  in- 
dicated by  an  index  and  (divisions  engraved  on  the  baso  of  the 
cylinder. 
There  is  a&olhera]>plioation  of  Mr.  Edison's  light,  intended  for 


Hi/.  100. 

hgiiting  galleries  in  mines.  In  this  arrangement,  represented  in 
*^&  1D4,  the  lamp  is  introduced  in  a  gloss  receptacle  filled  with 
'»ter  and  held  iu  suspension.  Communication  of  the  appara- 
^  *itli  the  circuit  is  arranged  in  such  a  way  that  the  points  of 
^^^i  are  covered  by  water,  which  avoids  any  danger  of  ex- 
r^on  in  mines  infected  with  fire  damp. 

'sthe  brackets  and  chandeliers,  keys  have  been  introduced, 
Thich  will  allow  tho  extinction  of  the  lamps  separately  or  to- 
g^lher,  without  causing  any  spark  at  the  ix>inL  of  rupture  or  any 
^Jioger  of  fire.     The  movement  of  the  key,  A,  aa  shown  in  Fig. 
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96,  breaks  tlie  contact  by  incAns  of  a  conical  stopper  which 
terminates  the  screw  of  iho  key,  and  which,  when  separated  from 
the  two  plates  through  which  the  current  piLSses  when  the  stopper 
is  in  contact  with  them,  breaks  the  circuit  at  two  points,  nnd  on 
a  surface  of  suiHeient  extent  to  greatly  diminish  tlie  Apark  at 
the  point  of  rupture. 

The  lighting  of  the  two  aalons  of  Mr.  Edison  at  tlie  Paris  Expo- 
sition was  done  by  16  small  chandelierd  like  the  above,  two  graitd 


r^g.  101. 
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crystal  chandeliers  and  SO  brackets.     Fig.  105  represents  one  of 
ibeso  chandeliers. 

The  effect  was  very  beautiful,  the  steadiness  being  as  oom- 
plcte  oi  c(}uld  be  desired ;  and  if,  as  we  liuvu  been  assured,  the 
price  of  tliis  kind  of  illumination  is  lower,  light  for  lights  than 
gas,  it  may  be  considered  that  the  problem  is  now  practically 
solveil,  for  Edison's  system  for  electric  lighting  is  plaoetl  in  the 
Mrae  condition  as  that  of  gas.     lie  avoids  the  presence  of  ma- 
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tUim  in  fiq>arate  houses,  which  are  always  iu  the  way,  and 
which  by  their  very  nature  require  care  and  raanagoment  not 
to  lie  obtained  from  onlinary  servants. 

To  give  an  idea  of  the  application  of  Mr.  Edison's  systems, 
wc  lave  represented  in  Fig.  106  the  interior  of  a  parlor  lighted 
tiv  tlio  ainall  ehandclicrs  previously  described.  As  is  seen,  the 
elwtiic  light  is  projected  downwarrl,  iho  best  armngement  for 
readit^  and  writing.  This  method  is  preferred  by  Mr.  Ediwjn, 
but,  as  can  he  seen  before  described,  all  styles  of  illumination 


m 


riff.  iM. 

<^^be  produced  with  this  kind  of  light,  analogous  to  that  ob- 
fuoeti  with  candles  or  gaa  jels ;  it  is  simply  a  matter  of  taste; 

The  mixture  of  arc  and  incandescent  lighta  do  not  harmon- 
^well  together.  Tbe  latter  destroy  the  effect  of  the  former, 
*o^  might  lead  one  to  believe  thut  the  luminous  intensity  of 
toe  incandeacent  lamp  is  less  than  it  really  is,  Again,  the 
"iflcrenoein  the  color  of  the  light  is  so  contrasted,  that  many 
pcreons  who  reproach  the  electric  light  for  its  ghastly  aspect, 
M  ii  too  red  in  incandescent  lampa     It  is  evidently  an  effect 
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of  contni.st,  for  the  light  of  incantlcscent  lamps  is  whiter  t\\tm 
that  of  gas  jets,  which,  nevertheless,  the  same  people  find  very 
agreeable.  If  required,  incandescent  lamps  can  give  a  dazzling 
white  just  as  well  as  the  others — it  is  only  necessary  to  employ 
a  stronger  electrical  intensity — then  they  lose  their  peculiar 
qualities,  that  of  giving  a  soft  light  which  does  not  fatigue  tlie 
eye,  and  of  an  easier  and  more  complete  subdivision. 

The  rays  of  the  Edison  incandescent  lamp  make  a  firmer  and 
more  lasting  impression  on  the  eye,  and  one  more  quickly  re- 
ceived by  the  eye,  than  the  rays  of  the  arc  light  An  analysis  of 
the  rays  of  the  two  lam|>s,  the  Edis«>n  and  the  arc,  accounts  for 
this  difference.  Place  Edison  lights  on  the  same  pole  or  other 
support  with  the  arc  light,  with  the  Kdison  light  underneath  and 
the  arc  light  over,  the  former  will  practically  neutralize  the  rays 
of  the  arc  light,  so  that  if  the  eye  be  suddenly  closed,  or  if  one 
turns  suddenly  about  and  faces  in  another  direction,  the  impres- 
sion left  on  the  aye  is  that  of  the  Edison  light  and  not  that  of 
the  arc  light  One  experiment  made  to  compare  the  efficiency 
of  these  two  systems  of  lighting,  was  to  place  five  incandescent 
lights  underneath  a  cloth  canopy  with  tiie  sides  entirely  o]>en,  in 
a  public  building  of  large  dimensions,  lighted  throughout  with 
arc  lights.  Krom  every  part  of  the  building,  both  near  by  and 
at  a  distance,  the  eye  was  arrested  by  these  few  incandescent 
lamps,  and  a  distinct  impression  was  made  by  them  upon  the 
eye,  although  their  aggregate  caudle  power  was  insignificant  aA 
coraj^ared  with  that  of  the  arc  lights.  In  small  rooms  the  rays 
of  the  arc  light  pierce  the  eye  with  more  intensity  than  those  of 
the  incandescent  light,  bat  the  e£fect  upon  the  eye  is  miuous, 
and  practical  exi>erience  shows  that  the  eyesight  is  seriously 
injurwd  by  the  proximity  of  the  aro  light.  Consequently  the 
Edison  tight,  although  it  will  impress  itself  upon  the  retina  of  the 
eye  more  strongly  than  the  aru  light,  should  not  be  placed  in 
amall  rooois,  or  even  rooms  of  moderate  dimensions,  along  with. 
tfae  aro  light.  On  the  otlicr  hand,  there  need  be  no  hesitation  in 
lighting  any  two  adjoining  rooms,  one  with  the  Edison  light  and 
the  other  with  the  aru  light,  for  the  Edison  light  will  not  only 
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girc  greater  satisfaction  on  account  of  ita  superior  purity  and 
stcadiaess,  but  will  make  a  deeper  and  more  agreeable  imprea- 
flioa  upon  the  eye.  At  the  Paris  Kxposition  there  was  a  strugglo 
fcr  public  favor  bctn eeu  the  arc  and  incandesceut  systems  of 
lighting.  The  former  gradually  but  surely  lost  the  day,  especi- 
illj  on  account  of  the  crudity  of  its  glare.  The  prestige  of  the 
arc  light  was  somewhat  regained,  however,  by  au  iuventiou  of 
Douca  &  Ca,  who  placed  their  arc  lamps  in  vases,  the  light 
being  concealed  in  the  vase,  and  reflected  from  a  white  sheet 
tightly  stretched  above  it.  Enormous  candle  power  was  lost  by 
this  method,  the  loss  being  so  great  as  to  lauke  it  practically 
TottbJeas  viewed  from  the  stand  point  of  economy,  but  the  light 
itself  was  made,  by  this  device,  nearly  as  moderate,  although  not 
as  steady  as  the  incandescent  light  It  is  not  for  the  interest  of 
dlfacr  the  arc  light  or  the  incande-sccnt  light  that  they  should 
be  placed  in  the  same  room,  especially  if  it  is  one  of  small  or 
flvm  medium  dimensions. 

The  question  of  durability  is  a  fumlamental  one  in  incandes- 
ceat  lighting.  It  is  one  of  the  imix>rtant  features  of  the 
SdtBon  system,  which  attains  results  in  this  direction  far  beyond 
thoie  of  any  of  the  iniiuiturs  of  its  lamps,  hi  the  tests  which 
vooonstantly  being  made  many  of  these  lamps  burn  for  3,000 
bourt  and  over,  while  the  average  life  of  all  of  them  ia  more 
Man  (i('K)  hours  of  actual  burning  at  their  normal  incandescence 
<^  18  candles.  If  this  normal  intensity  be  maintained,  these 
Iwapawill  In;  found  iu  ordinary  domestic  use  to  last  from  one 
to  ivfo  years  in  the  present  state  of  the  art  of  manufacturing. 
Inprovements  are  constantly  being  made  in  them,  however, 
it  is  Mr.  Edison's  expectation  that  in  a  short  time  the  lamp 
nuile  at  his  factory,  when  used  under  the  prescribed  conditions, 
vill  be  j>ractically  indestructible. 

But  the  life  of  the  lamp,  whUe  an  important,  is  by  no  means 
^c  only  important  factor  in  determining  the  economy  and 
value  of  the  system.  It  may  be  said  in  general  that  the  best 
system  is  that  which,  for  each  hoi-se  power  of  electrical  current, 
pvesthe  greatest  numlier  of  effective  lamps,  and  maintains  them 
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for   the   longest  period  without  renewal.     As  already  stat 
neither  point  ulone  is  conclusive. 

The  Kdiaon  standard  lamps  are  made  of  xwo  sizes,  constructed 
so  :is  to  give  the  light  of  sixieeu  and  of  eight  standard  candles 
respectively.  These  values  have  been  selected  because,  after 
most  carefull}'  canvassing  the  facts  and  statistics  of  gas  lighting, 
these  were  found  to  be  the  most  agreeable  to  the  human  eye 
and  entirely  adequate  for  all  domestic  demands.  To  make  a 
lamp  which,  at  sixteen  candles,  shall  have  a  given  economy,  is 
vastly  more  dlllicult  than  to  make  one  to  burn  at  a  higher  in- 
candescence, since  the  economy  rises  rapidly  with  the  decrease 
of  temperature.  Moreover,  the  arc  light  is  the  eimplest  of  all 
lights  \*y  make,  and  yields  a  vastly  greater  aggregate  of  light  for 
a  horse  power,  yet  it  would  be  not  only  uneconomical,  but  practi- 
cally useless  for  the  great  majority  of  places  where  light  is  re- 
4)uired. 


The  following  tabular  statement,  giving  the  results  of  th< 
tests  of  incandescent  lamps  made  at  the  International  Klcctrical 
Exhibition  at  Paris,  is  extracted  from  the  report  of  the  sub- 
committee to  the  experimental  commission. 


I 


(a.)  at  sixteen 

Candles 16.38 

Ohms 137.04 

Volts. 89.11 

Amp^re-s 0.651 

Voltampdrea 67.98 

Kilogram  meters 5.911 

Tjamps  per  liorse  power. . .  12.73 

Candles  per  horse  power..  196.4 
Lamps  of  sixteen  candles 

per  horse  [wwer. 12.28 


CANDLES. 

M 

Swui. 

LMn»-Wox. 

16.61 

iti.at) 

16.96 

32.78 

27.40 

41.11 

47.30 

43.63 

56.49 

1.-171 

1.593 

1.380 

«9.24 

69  53 

7a.  05 

7.059 

7.089 

7.939 

10.71 

10.61 

9.48 

177.92 

173.68 
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(b.)  at  thirty-two. 

lullMii.  Swu.  La>ft>FlDX.        KulBt 

i'ttuclles 31.  U  33.2 1  32.71  81.98 

Ohms 130.03  31.75  26.59  39.60 

Volta 98.89  54.21  48.22  62.27 

Amperes 0.7585  1.758  1.815  1.578 

Volt-umpires 74.02  94.88  87.65  98-41 

Kilogram  meters 7.604  9^67  a930  10.03 

Lamps  per  borse  power. .  9.83  7.90  8.47  7.60 

Candlcg  per  horse  power.  807.25  262.49  276.89  239.41 
Lampe  of  32  candles  per 

horsepower 9.60  8.20  8.65  7.48 

The  Kdison  lamp,  when  burning,  gives  out  but  little  heat — 
not  more  than  one  fifteenth  of  the  heat  of  a  gas  jet  of  equal 
candle  power, — and  may  at  any  time  be  grasped  by  the  hand 
without  inconvenience.  White  burning  at  its  normal  capacity, 
siiteen  candles,  it  will  not  in  any  respect  injure,  even  by  the 
closest  contact,  the  most  delicate  fabric. 


The  following  are  some  of  the  advantages  of  the  Edison 
lucandesceDt  Electric  Lights : 

They  can  be  changed  in  location,  with  very  little  inoon- 
▼enience,  ai  any  time,  and  without  the  slightest  injury  to  the 
walls  or  ceilings. 

They  are  so  cheap  that  many  can  be  inserted,  not  necessarily 
lobe  used  at  once,  but  either  to  be  lighted  at  pleasure,  and  thus 
the  newl  of  a  portable  lamp  of  any  kind  rendered  useless. 

A  portable  lamp,  corresponding  to  a  table  gas  lamp,  is  made, 
bowever,  and  instead  of  a  heavy  gas  tube,  only  a  very  light  wire 
oord  i.-*  required  to  connect  it  with  the  chaii<lelier. 

No  matches  are  required,  since  the  electric  lamps  are  lighted 

and  extinguished  simply  by  the  turning  of  a  key.     Not  only  is 

intL  the  danger  of  naiiig  mutches,  thus  avoided,  bnt  the 

situated  in  any  part  of  a  house  or  room ;  in  this 
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way  a  lamp  in  tbo  cellar  may  be  lighted  m  the  kitchen :  the 
hall  lamp  lighted  from  the  basement  stairs ;  or  any  number  of 
lamps  ia  an  apartment,  or  the  entire  house,  be  lighted  or  extin* 
guialied  by  a  key  at  the  bed  side,  without  rising  from  the  bed. 

They  produce  very  little  heat. 

They  generate  no  disagreeable  product  of  imperfect  combus- 
tion, iiUc  gas,  or  oil  lights. 

Tliey  do  not  cimsume  the  oxygen,  and  lliereby  exh&ust  the 
atmosphere  of  an  apartineiiL 

They  produce  no  pmsonous  product  of  combustion,  such  as 
carVionia  acid,  or  tsiibonic  oxide,  which  are  botli  largely  pro- 
ducetl  by  gas  and  oil  lights. 

They  produce  no  water  of  combustion.  A  gas,  or  oil  light, 
produces  a  large  quantity  of  water  in  an  evening,  sufTicient,  if 
condensed,  to  partly  till  a  tumbler. 

Tlie  electric  conductors  contain  no  poisonous,  bad-smelling 
substance  to  eiscape  in  llie  house,  through  defective  joints,  and 
to  cost  the  consumer  an  outlay  for  medical  attendance,  and  a 
steady  running  expenditure  of  seventy  centa  per  mouth,  more 
or  less,  for  leakage. 

They  do  not  emit  smoke  to  blacken  the  ceilings,  or  walls,  or 
destroy  pictures,  by  covering  them  with  a  layer  of  oily  soot, 
which  cannot  be  cleaned  oif 

'J'boy  can,  therefore,  be  hung  below  a  reflector  on  the  ceiling 
without  impairing  its  brightness. 

The  conductors  leak  no  snlphuretted  hydrogen  to  blacken 
silverware,  or  lead  iMiinted  woodwork,  or  destroy  oil  }>aintings. 

The  sulphuretted  hydrogen  in  gas,  when  burned,  produces 
sulphurous  acid,  which  destroys  the  beauty  of  colored  fabrics, 
pictiircf^,  wall  papers  and  draperies.  The  electric  lamp  is  free 
from  this  objection. 

Being  hermetically  sealed  in  glass  globes,  nothing  can  be  set 
on  fire  by  contact  with  them,  and  no  draughts  of  air  affect  their 
perfect  steadiness. 

They  are  not  explosive,  like  oil  lamps. 

They  cannot,  like  gas,  be  imjvroperly  extinguished,  and  pour 
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■  dangetoQs  vapor  into  tlie  a])artuient  for  hours,  wliich  may  de- 
stroy tbe sleeping  consumer  hy  poistjii  or  a  violent  explosion. 

Tliey  caoaut  be  extingviislied  by  a  siulilen  draught 

^ey  bum  equally  well  in  any  position,  and  a  pendant  lamp 
casts  no  shadow  below  it 

Tbey  require  no  other  cleaning  than  to  wipe  the  dust  from  tha 
oubidc  of  the  small  globea 

Id  the  leading  stores  of  the  large  cities  great  difiTiculty  is  ex- 
penflQcwi  by  ihe  condensation  on  the  show  windows  of  the  water 
ofcombustion  from  the  gas  light&  The  windows  are  thereby 
covered  with  moisture,  or  frost  in  cold  weather,  which  entirely 
hides  tliegootls  from  view.  The  proj>er  use  of  the  electric  light 
will  not  only  obWate  this  diiHculty,  but  dry  goods  may  be 
tiiickly  draped  all  about  them,  witliout  danger  of  taking  fire 
from  tlie  lamp  or  the  torch,  which  the  careless  clerk  is  intrusted 
io  caiTj  atnong  them  when  gas  jets  are  to  be  lighted. 


TflU  EDBON    ELECTRIC   UGHTINO  CENTUAIi  STATION  SYSTEM. 

Tlie  central  station  of  thia  system  in  the  city  of  New  York  is 
siluaied  at  257  Pearl  Street,  in  an  iron  front  building,  originally 
«wcted  for  commercial  purposes,  but  in  which  in  August,  1881, 
preparations  were  begun  for  this  new  and  important  enterprise 
Two  buildings  were  purchased  by  the  Edison  Illuminating 
Cofflpsiiy  for  use  as  a  central  station,  but  for  the  present  only 
^'oe  of  these  buildings  is  fully  equipped. 

The  district  lighted  by  this  system  is  nearly  a  scpiare  mile  in 
^ent.  being  bounded  on  the  east  by  the  East  Kivcr,  on  the 
WDlhby  Wall  Street,  on  the  west  by  Nitssau  Street,  and  on  the 
aonh  by  Spruce  Street,  Ferry  Street,  and  Peck  Slip.  The  pre 
pwsijon  of  this  district  for  lighting  involved  a  vast  amount  of 
'Ofk,  which,  generally  speaking,  may  be  divided  into  four 
oniDches,  namely,  the  structure  or  the  preparation  of  the  building 
for  the  reception  an<l  maintenance  nf  tlie  plant,  tlio  manufacture 
and  installation  of  the  engines,  dynamos  and  other  electrical 
«I>f«artttus.  the  manufacttire  and  laying  of  tbe  underground  con- 


19fi 


THE   EI^OTRIC    LIGHT. 


ductors,  and  the  wiring  of  Jiouses.  The  work  ou  the  c( 
Btation  stniciure  iiiclmies  the  inastnirv  foundation  and  coQcrete, 
ft  two  BtoTj  iron  frame  work,  vaults  under  the  sidewalk  and 
streets,  four  boilers,  with  an  aggregate  capacity  of  1,000  horse 
I^ower,  boiler  fittliig.-s  two  Hinoke  stacks  (each  6  feet  in  dianoctcr 
and  80  feet  high),  steam  conveyers  for  coal  and  ashes,  sliafling, 
blowers,  and  the  pumping  und  blowing  aj^paratua.  The  station 
efiuipment  consists  of  six  engines,  six  dynamos,  and  the  resist- 
ance apparatus  and  regulators.  The  engines  were  built  by  the 
Southward  Foundry  and  Mtwhine  Company,  of  Philadelphia, 
each  having  a  normal  capacity  of  125  horse  jiower,  and  a  niaxi- 
mum  capacity  of  200  horse  power,  making  a  total  maximum 
capacity  of  1,200  horse  power.  The  dynamos  were  built  at  the 
Edison  Machine  Works,  in  Goerck  Street,  New  York.  The 
weight  of  each  of  these  dynamos  is  thirty  tons,  making  the 
a^regate  weight  of  the  six  dynamos  180  tons.  The  weight  of 
the  entire  structure  and  electrical  apparatus  at  No.  257  Pearl 
Street  is  al>out  250  ton:^,  and  this  weight  is  distnbtitetl  so  aa  to 
average  only  about  200  pounds  per  square  foot  of  structure. 
The  boilers  in  tliis  building,  when  under  full  lieadway,  consume 
1,680  tons  of  coal  and  4,200,000  gallons  of  water  per  annum, 
equivalent  to  a  daily  consumption  of  about  five  tons  of  coal  and 
11,600  gallons  of  water. 

In  the  Edison  system  of  f  uniishiug  electric  light  and  power 
to  a  large  number  of  consumers  from  one  central  station,  it  is 
essential  thai  the  conductors  which  convey  the  current  to  the 
various  translating  devices  in  circuit  should  be  laid  undergroumL 
Some  method,  therefore,  was  necessary  b}'  which  these  conduct- 
ors could  be  completely  insulated  and  protected  from  injury  bv 
moisture  and  other  causea  This  object  Mr.  Edison  accomplished 
as  follows:  The  two  conductors  which  form  the  circuit  from  and 
to  iho  central  stati'Ui  consist  of  copper  mds,  wliich  arc  j)lacetl  in 
iron  tubes  of  considerably  larger  diameter.  Washers  of  a  suit- 
able insulating  material,  prefembly  paper  or  pasteboard,  are 
placed  around  and  between  the  conductors,  bo  as  not  to  allow 
any  electrical  contact  between  the  conductors  thomselves,  or  be- 
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iween  a  conductor  ami  the  metal  of  the  exterior  tube,  and  the 
ining  space  is  lille<l  with  asphalt  or  a  similar  noncomlacting 
ce,  so  that  a  perfect  irtsululiou  Ls  aitaiiied.  The  washers 
or  disks  before  noted  are  uiadu  with  notched  eilges,  ro  a.s  not  to 
close  up  the  entire  cros.s-set;tion  of  the  tube,  so  as  to  enable  the 
insulating  nnnfKjatid  U>  enter  all  parts  of  the  tube. 

By  these  devices  Mr.  Kdison  was  enabled  to  obtain  a  L-omplete 
and  jienaanent  insulntiou  between  the  conductors  themselves, 
and  also  between  the  conductors  and  llie  exterior  tube,  the  latter 
at  lie  aune  time  preventing  any  injury  from  moisture,  damp- 
DOSB,  or  other  cuuse.s  whicli  might  affect  the  conductors  or  their 
irisalation,  from  reaching  tlieni. 

In  biTuig  the  conductors  for  this  system  Mr.  Edison  ran  two 
condiictore  along  each  aide  or  face  of  a  bltxik.  These  are  termed 
pwiUvc  and  negative  conductors,  the  positive  con<Iuctor  being 
tbeine  through  which  the  po.sitive  current  flows  to  the  lamps 
Of  motors,  while  the  negative  conductor  returns  tlio  current  to 
w*fociiit^  circuit,  und  thence  through  the  negative  feeding  enn* 
''odor  hack  to  the  generators.  In  frontof  e;wh  house,  or  at  any 
"tberpoint  where  it  la  desired  to  make  oounoction  with  the  main 
""n  L'oiuluetors,  they  are  run  intti  a  service  Ixix,  which  iaasi|uarc 
"^^,  in  which  the  conductors  are  laid  bare  for  conncrtion  with 
vie  hotise  wires.  At  each  corner  of  a  block  is  n  junction  box, 
"ito  which  the  conductors  on  the  meeting  sides  of  the  bloc^k 
f"*t  Will  also  contluctore  which  cnws  tiie  streets  from  the  «)piK>- 
«ite  junclion  boxes.  Thus,  at  the  intersection  »)f  two  streets 
**''  l«  placed  four  junction  boxes,  inlr)  each  of  which  will  run 
*igut  main  conductors.  In  each  of  sueb  junction  boxes  all 
™  positive  conducti^ra  are  cnnnectwl,  and  hkcwiso  n)l  the 
"egutive  conductor,  so  that  a  network  of  intersecting  wirea  is 
"ffined.  On  each  face  of  n  block,  anywiiere  between  the  points 
■^  intersection  of  the  main  conductors  in  the  comer  junction 
"itt,  llie  conductors  are  run  through  a  small  junction  box.  In 
tniiliox  one  cf»nductor  is  severed  and  its  endsconncctctl  to  con- 
'loctars  holding  U»  a  safety  catch  box  (Kigun?:  107),  located  at 
sonie  point  where  it  can  be  conveniently  reached  to  replace  the 
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safety  catch  wire  when  necessary-  In  this  box  the  reqmsit 
amount  of  safety  catch  wire  or  material  is  placed  iu  circuit,  and 
is  burned  out  when  a  cross  on  the  main  conductors  occuts  on 
the  particular  side  of  the  block  where  the  box  13  located,  thus 
breaking  the  circuit  and  preventing  damage.  By  placing  safety 
catches  in  this  manner  in  tlie  main  conductors  on  each  fuco  or 
side  of  a  block  the  uiicidental  t*ros3connectiun  can  bo  rend th- 
located,  and  by  connecting  all  the  main  conductors  of  eacli  class 
at  the  corners  only  the  traniilating  devices  on  the  particular 
side  of  the  i)articular  block  arc  aflecled  by  the  breaking  of  the 
circuit. 

The  total  amount  of  underground  work  in  this  district,  includ- 
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ing  all  niaina,  feeders,  bridges  and  intersections,  but  not  includ- 
ing any  house  connections  under  the  sidewalks,  is  about  sixteen 
miles. 

While  the  blocks  in  this  district  were  being  encircled  with 
these  bands  of  copper,  the  buildinga  of  llie  district  were  being 
titterl  witli  wires  leading  to  the  sockets  intended  finally  t«i  receive 
the  electroliers  and  single  lamps,  and  to  such  localities  as  were 
to  be  8U])plied  with  the  electric  current  for  motive  power. 

The  equipment  of  the  central  station  building  was  finished, 
and  fire  was  built  under  the  boilers  for  the  first  time  on  June 
29th;  on  the  next  day  the  small  engine  used  for  the  coal  con- 
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veyers  uud  blowers  was  started,  uiitl  all  that  [jortion  of  thu 
r^lilipnicnt  woa  fouml  to  work  well.  'I'be  first  steam  dyiiamn 
wttsfltancl  JulyStli;  and,  July  8tli,  a  satiafactorv  experiment 
was  made  on  1. 000  laiups  arranged  on  an  upper  fluor.  Subse- 
i]at.'nl]y  Home  of  the  other  engines  and  dynamos  were  carefully 
lest*^  with  tiio  1,000  lamps,  and  the  details  of  their  adjustment 
perfected.  The  field  regulating  apparatus  was  tested,  and  the 
electrical  imlicator,  tlie  first  ever  used  on  so  large  a  scale,  was 
found  satisfactory.  This  re^ilator  is  used  in  connection  with 
regulating  the  electric  pressure  thronghont  the  entire  district,  so 
as  to  keep  the  candle  j>ower  t>f  the  laiu|>s  uniform,  irrespective 
of  changes  in  the  number  of  himps  burning. 

One  of  the  most  important  tests,  namely,  the  strength  of  the 
iron  structure,  upon  which  rest  the  six  steam  dytuimo^,  weigh- 
ing ISO  tons,  was  finished  in  July.  Two  outaide  engtneet^,  ex- 
perts in  iron  structures,  were  called  in  to  make  tlic  testa,  and  to 
pass  upon  the  reports,  touching  the  strength  of  the  structuix*, 
previously  made  by  the  company's  engineers.  These  two  ex- 
perts, Mr.  C.  C  Schneider  an<l  Mr.  A.  Schweizer,  made  a  favor- 
able report,  stating  that  the  "  structure  is  sufficiently  strong  to 
earry  the  loads  impo.sed  upon  it,  which  produce  a  strain  of 
12,000  pounds  per  square  inch  in  the  extreme  fibre  of  the  floor 
beams,  which  is  the  customary  strain  allowed  for  wrought  iron 
coustructtous  in  buildings." 

The  entire  plant  in  the  district,  including  the  network  of  con- 
ductors and  the  equipment  at  the  central  station,  having  been 
tested  from  a  mechanical  suindpoint,  the  next  thing  to  be  done 
was  to  test  the  plant  electrically.  Thu  was  done  by  Mr.  Kdison 
I>erPonally,  and  many  tests  and  experiments,  both  of  a  scientific 
nature  and  for  the  purpo.se  of  furnishing  data  of  commercial 
value  in  connection  with  future  central  stations,  were  made. 

The  street  conductors  having  been  laid,  the  service  conductors 
put  in,  the  buildings  wired,  the  dynamos,  with  their  attached 
engines,  put  in  place,  and  the  district  and  central  station  fully 
rquijtped,  the  plant  was  started  and  the  district  lighted  up  tor 
tht?  (irst  time  at  3  p.  m..  September  4,  1382.     Since  then  the 
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Station  has  been  running,  day  and  night,  without  stopping,  and 
not  only  has  no  serious  ohsUicle  been  met  with,  but  as  regards 
Mr.  Edison's  part  of  the  work,  the  result  has  exceeded  all  antici- 
pations— the  only  trouble  that  has  oi:curred  having  been  caused 
by  purely  mechanical  mattei*s,  such  as  the  regulation  of  engines, 
and  other  usual  engineering  annoyances,  incidental  to  Htartini^ 
a  number  of  liigh  speed  engines  for  the  lirsl  time. 

Kverythiiig  relating  to  the  electrical  apparatus,  as  regards 
both  the  plant  at  the  central  station  and  the  underground  eoii- 
dnctors,  has  succl  e<led  perfectly,  and  if  any  doubts  ever  exisf-ed, 
toucliing  the  ultimate  success  of  the  system,  tbey  are  now 
dispelled. 

The  total  network  of  insulated  conductors  was  manafactureci 
in  lengths  of  20  feet,  and  each  length  that  did  not,  on  careful 
test,  show  a  resistance  of  at  least  150  inegi>hnis  (lOO.OOO.OUO 
ohms)  was  rejected.  Applying  the  aiune  test  to  the  entire  net- 
work, us  WHS  thus  ajtplie<l  to  each  length  of  20  feet,  equally  per- 
fect resistance  wonid  be  about  38,000  ohms;  and  the  Icital  leak- 
age in  the  entire  network  about  141  foot  pounds  per  minute,  or 
.00427  of  one  H.  P.  The  conductors  have  now  been  nnder- 
grouiidovcr  two  years,  and  careful  tests  show  that  their  eilkiency, 
as  regards  insulation,  isbutatrillc  below  ihe  tlieoretical  efliciency 
exacted  from  each  length  tested  as  above,  and  that  the  loss  of 
current,  when  the  present  district  is  in  operation  :it  tlic  maxi- 
mum, will  be  equivalent  only  to  seven -thousandtiis  of  one  lamp, 
or,  in  otiier  words,  to  48-milliontlis  of  one  per  cent.  This  loss 
from  leakage  is  so  insignificant  thal^were  the  entire  City  of  New 
York  iigiitcd  with,  say,  four  hundred  thousand  lamps,  the  whole 
loss  of  current  from  leakage  (taking  the  actual  results  in  the 
present  district  as  a  basis)  would  hardly  amount  to  enough  cur- 
rent to  run  a  single  lamp. 

The  central  station  building  having  been  originally  erected 
for  commercial  purposes,  was  found  to  Iw  insufficient  in  strength 
to  sustain  tlie  great  weight  of  the  dynamos  and  their  attached 
engines.  Consequently  a  separate  structure  was  erected  within 
the  walla  of  the  building.     It  consisted  of  iron  pillars  planted 
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on  heavy  plates,  resting  on  three  leet  of  solid  concrete  and  sup- 
porting iron  trestle  work,  carrying  the  heavy  iron  gir<lers  on 
which  the  machines  were  placed.  The  building  is  fifty  feet  in 
width  by  one  hundred  in  longLli,  and  foar  stories  high,  and  is 
divided  by  a  tne<lian  wall  into  two  equal  parts.  It  is  in  one  of 
these  parts  that  the  machinery  is  placed.  The  other  part  ia 
soon  tn  \ni  litl«l  up  as  a  <lupUcalc  of  the  one  already  completed. 
Beginning  with  the  basement,  the  area  in  front,  underneath  the 
sidewalk,  is  used  for  the  reception  of  coal  and  the  discharging 
of  ashes  from  the  btjiWr  furnaces.  In  this  place  there  is  a 
fecial  engine,  of  about  twenty  horse  pQwer^  (or  driving  the 
screw  conveyers  that  carry  the  coal  up  over  the  boilers  and  de- 
liver it  to  the  stoke  hole  between  the  Ixiilcra,  and  the  screw  con- 
veyers that  take  the  aahes  and  deliver  them  to  barrels  under 
tlie  sidewalk  in  Pearl  Street  This  engine  also  drives  the  fan 
blower  which  supplies  air  to  the  boiler  furnaces,  and  also  to  the 
eloke  hole  to  keep  it  cool  and  well  ventilated.  Pipes  also  lead 
from  the  main  air  trunk  of  this  blower  to  the  dynamos  on  the 
fi'wir  abfjve. 

The  boilers — o(  theBabcock  and  Wilcox  style — four  in  num- 
ber, are  of  250  horse  power  each.  They  all  feed  into  a  single 
fl-inch  supply  jiipc,  from  which  steam  is  taken  through  vertical 
fi-inch  pipes  Ui  the  engines  above. 

A  gallery  (Pig.  108)  extends  over  the  boiler  and  stoke  hole, 
from  which  the  visiter  may  gaze  inio  the  depths  l>elow. 

Kacb  boiler  is  provideil  with  an  injector,  and  a  steam  pump  is 
provided  with  connections  for  each  boiler,  so  that  any  or  all  of 
ihc  Iwilers  may  be  fed  by  it.  Water  is  supplied  to  the  boiler  at 
a  temperature  above  212'-'',  being  forced  into  a  heater  that 
receives  the  exhaust  of  all  of  the  engines.  By  heating  the 
water  to  this  lomperatui-e  before  iidmittirig  it  to  the  Iwilers,  the 
impurities  are  deposited,  and  the  boilers  are  supplied  with  pure 
wuter. 

E^  Over  the  boilers  ia  supfwrted  the  dynamo  floor  by  the  trcstle- 
vork,  entirely  disooimectcl  '''""  •' *  "  "^ii".'  or  its  foun- 
dations.    Oq  this  floor  arc  dynamos. 
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Thia  generator  (Fig.  109)  is  of  ilie  Kdisoa  horizontal  type,  tin* 
magnetic  field  being  produced  by  u  battery  of  twelve  horizontali 
electro- magnets  disposed  in  threo  rows  of  four  magnets  each, 
two  row3  being  attached  by  their  ends  to  the  upper  pole-piece, 
and  one  row  to  the  lower  pole-piece,  the  further  ends  of  all  being 
united  by  a  massive  heel  plate,  seen  at  the  back  of  tlie  figure. 
The  armature  is  driven  at  a  speed  of  350  revolutions  per  minute, 
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within  a  cylindncal  space  bored  ont  of  the  very  massive  pole- 
piocea  shown  in  the  front  of  the  illustration,  and  wliich  are  built 
up  of  twelve  heavy  blocks  of  cast  iron,  held  together  by  long 
b*>lt3  threaded  thnjugh  them,  and  by  surface  coupling  plates 
pcrcwcd  on  to  three  of  their  faces.  The  armature,  like  that  of  the 
Paris  machine,  is  of  cylindrical  form,  and  is  composed,  fi  rat  of  a 
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core  bnilt  up  of  no  lesa  thati  2,200  disks  of  veiy  tliin  sheet  iron, 
alteraaiing  with  disks  of  tissue  paper,  while  at  every  foot 
mcasnrsd  in  t]ie  di  ruction  of  its  length,  is  a  disk  of  thick  iron  to 
give  stibility  and  rigidity  to  tlio  armaturo ;  the  wbolo  is  squeezed 
juA  bolted  together  by  eight  longitudinal  htAis  passing  through 
'  iffl  llie  disks,  and  through  a  pair  of  end  plates  by  which  tlie 
pressure  is  applied,  and  the  whole  is  bushed  with  a  tube  of  wood, 
so  03  to  insulate  the  armaluro  core  from  tlio  rest  of  the  machine. 
I  The  iadactian  portion  of  the  anuature  is  composed  of  108 
B   stniight   longitudinal  thick   bars  of    nearly    pure    copper    of 

■  tnpezoidal  cross- section,  arrangi^d  at  e-cjual  distanoes  around  tlie 
H  core  and  insulated  fi-otn  it  These  108  copj>er  b:irs  are  united 
H  it  alUTnate  ends  to  as  many  copper  disks,  half  of  which 
H  number  are  strung  on  to  the  ghaft  at  one  end  of  tho  armature 
jF   Mil  the  other  half  at  the  other*,  all  the  disks  are  insulated  frrjin 

ihe  shaft  and  from  one  another,  and  the  bars  are  so  connected 
with  them  that  the  bars  and  disks  together  form  a  continuous 
and  closed  circuit,  wound,  US  it  were,  longitudinally  around  the 
core.  Tliis  coupling  up  is  effected  as  follows  :  Kach  of  the 
copper  bars  ia  connected  at  each  end  to  the  edge  of  one  of  the 
copper  disks,  and  tho  dianictrically  opposite  edge  of  the  winic 

•  disk  is  connected  to  tlio  con-esponding  bar  at  the  opposite  side  of 
the  armature ;  this  bar  in  its  turn  is  connected  to  one  of  the  disks 
I  at  the  other  end,  and  the  opix>sito  end  of  this  ftsk  is  oonnecte*!  to 
L  tlic  bar  next  in  rotation  to  tho  bar  we  started  with,  this  again 

■  to  the  next  disk  at  the  other  end,  until  all  the  bars  and  nil  the 
disks  have  been  eonnoctwl  in  such  a  way  timt  a  current  of 
electricity  transmitted  thi-ough  the  armature  would  passalongone 

[l>ar,  then  across  the  disk  at  one  end,  back  by  the  corresponding 

k  tba  opposite  side,  then  across  a  disk  at  tho  other  end  to  the 

ttd  bar,  along  that  to  No.  2  disk,  and  back  on  the  opposite 

Igide  to  another  disk,  so  that  for  all  electrical  purposes  tho  bars 

nd  disks  together  may  be  looked  ujxm  as  making  up  a  thick 

apper  cod  of  extremely  low  resistance,  wound  longitudinally 

over  an  i    u  cylinder  in  a  single  layer,  the  various  convolutions 

of  which  oeing  at  equal  angular  distances  apart  around  the  cir- 

oomference  of  the  cylinder. 


AM 


THE  ELECTRIC  UOHT. 


In  tbc  disposition  of  the  inductive  portion  of  this  armature  il 
is  identical  with  tlie  armature  of  the  ordinary  Siemens  direct^ 
current  luaohiue,  l>ut  the  coupling  up  is  simpler,  and  the  cour 
taken  \>y  the  currents  pro<iut;ed    is  in    conseq^ucnce   somcwl 
difEei-enL 

The  diameter  of  tlio  armature  when  complete  U  28  inches,  ill 
length  0  ftiet,  nnd  its  wciglit  over  four  ions.  When  it  is 
menibered  that  thia  nias3  J3  revolved  within  the  hollow  cyliol 
drical  Bpace  between  the  pole-piecea  at  a  speed  ol  850  revolu 
tion-t  per  minute,  it  will  reiidily  l>e  anticipated  that  if  the  heav] 
bttra  of  copper  were  atticlipd  to  the  amiaturo  only  at  their  end 
which  are  between  four  feet  and  five  fe?t  apart,  and  revolving  as 
they  do  at  a  circuinferential  speed  of  43  feel  per  second,  the  ar- 
mature would  be  speedily  destroyed  by  the  bars  Hying  out  under 
the  influence  of  centrifugal  force,  and  coming  in  oonutct  with  the 
iron  pole-pieces  whioh  embrace  tliera.  To  prevent  this,  the  bara 
are  held  together  at  short  distances  along  the  length  of  the  ar- 
mature by  coils  of  steel  piano-forte  wire  bound  tightly  round 
the  bars  over  ban<lH  of  mica,  by  which  they  are  insulated  from 
theiu  ;  and  some  idea  may  be  formed  of  the  high  class  workinan- 
slup  and  fitting  togetherof  this  finely  constructed  machine,  when 
we  state  that  although  the  diameter  of  the  revolving  armature 
is  2S  inches,  that  of  the  cylindrical  epace  within  which  it  revolves 
ia  only  28^  inoh«s,  thus  allowing  but  one  eighth  of  an  inch 
clearance  between  the  induction  bars  and  tlic  pole-pieces.  It  iflH 
needless,  of  course,  to  point  out  that  this  accuracy  of  construc-^^ 
tion  adds  very  considerably  to  the  efficiency  of  tlio  machine,  by 
enabling  the  armature  to  revolve  in  a  more  intense  magnetic 
field  than  if,  tkrough  le-iH  aceurate  workrminship,  the  magnetic 
poles*,  to  insure  the  safety  of  the  machine,  had  to  be  further 
oH.  ^ 

Tlie  electro-magnets  by  which  the  magnetic  field  is  produced^^ 
consist  of  twelve  horizon  till  cylindrical  bar^  of  iron  aliout  eight 
feet  long,  and  coiled  throughout  their  whole  length  with  thick 
insulated  co|>j)er   wii^e.     The  coils  of  these  magnets  ai 
nected  in  two  parallel  ciruults  of  aix  ooils  eaoh,  uud  the 
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aiioe  of  the  cirrxiit  so  arrangwl,  ami  which  forms  a  i^crivcd  or 
sbuot  circuit  to  tliat  of  the  Tnac)iino,  is  21  ohms.  The  rcsisUncc 
of  llic  armature,  ns  will  bo  apparent  from  a  consideration  uf  its 
consiruclion,  is  practicably  iiiconaiderable,  iiieasuring  only  about 
rvi^  f'f  an  ohm  (.00049  ohm). 

Tltc  oommutator  is  n  cylioUer  built  up  of  a  number  of  insulated 
oopjter &cctiun:»,  ua  in  that  of  tho  Siemens  and  Gramme  machines, 
lliere  being  as  many  copjjcr  segments  as  there  are  induction  l>ar3 
on  tlie  armature,  and  are  connected  to  them  by  as  many  ra- 
dial copper  rods  atUiohcd  in  such  a  manner,  that  owing  to  a  slight 
elasticity  of  the  junction  thci-e  is  no  tendency  f<ir  them  to  be 
ahcarcdoff  in  the  starting  and  stopping  of  ttie  macbiaC|  a  de- 
fect vrhich  showed  itself  in  the  machines  of  this  type  which 
■*ere  firstconstructed.  Upon  the  cylindricid  surface  of  this  com- 
mutfttorare  pressed  two  Beta  of  metallic  brushes  or  collectors 
Jiwuiiied  in  spring  iitlings  attached  to  a  rocking  arm — shown  at 
the  extreme  right  of  tho  illustration — by  which  the  angular  po- 
sitioa  of  the  points  at  which  tlie  brushes  make  contact  with  the 
commutator  can  bo  adjusted  with  respect  to  tiie  neutral  plane 
of  tlie  magnetic  field  so  as  to  obtain  the  maximum  elliciency  of 
the  machine. 

The  motive  power  is  a  horizontal  engine  of  iiie  Porter  type, 
of  130  nominal  horse  power,  fitted  with  a  Porter  governor  and 
exjiansion  gear,  and  with  a  stoam  preusuro  of  120  lbs.;  it  drives 
the  armature  which  i.i  mounted  on  tho  crank-shiif  t  at  a  velocity 
of  S50  revolutions  per  minute,  tho  steam  being  supplied  by  one 
of  Messrs  Babcock  k  Wilcox's  compound  tubular  boilers.  The 
weight  of  tho  machine,  with  its  engine  and  bed  plate,  which  Ia 
common  to  both,  is  over  80  tons. 

In  order  to  keep  the  armature  cool,  thereby  protecting  its  iusu- 
latiou  and  keeping  down  its  resLstance,  there  is  a  small  blowing 
fan  driven  by  the  engmc,  and  fiom  this  blower  three  pipes  are 
led  which  communicate  with  three  air  channels  cut  through  the 
pole-piooes,  so  as  to  maintain  three  jets  of  air  constantly  imping- 
ing on  the  middle  of  the  rotating  armature,  which,  e.sca])ing 
right  and  left,  are,  during  the   working  of  the  machine,  con- 
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tinually  "bathing  tlie  induction  bars  with  air.  The  eificiency  of 
this  arraiijjeineat  is  jirovcJ,  by  the  f;LCt  tliat  Btrcaiiis  of  percep- 
tibly warm  air  arc,  when  tho  apparatus  is  in  action,  continually 
issuing  from  the  two  ends  of  ihe  hollow  cylindrical  Bpace  wilhiu 
which  the  armature  is  rotating. 

Figure  110  shows  the  arrangement  of  the  six  large  generators 
in  the  central  station.  Tliey  are  placed  in  alternate  position* 
with  each  olher,  so  a.s  to  economize  room,  three  of  them  being 
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connected  by  heavy  copper  conductors,  with  the  large  Oi>pper 
bars  extcncUng  along  tho  eides  of  the  room.  The  bars  of  like 
name  from  the  opposite  eidca  of  tho  room  are  connected 
at  the  frt)nt  of  tho  building,  where  the  entire  current  from  all 
the  machines  is  entered  in  two  largo  horizontal  copper  bars,  with 
'which  the  several  street  conductors  are  coaoectedf  as  shown  in 
Figuro  111,  one  of  tlie  parallel  street  conductors  being  connect- 
ed with  each  of  the  dynamo  mains.     In  the  conductor  extend- 
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ing  from  the  dynamos  to  tlie  rodA  along  tlic  walla  there  is  a  iiuge 
tfvrilcli,  shovrn  in  detail  in  figure  112,  liuving  tlirod  cuntact  sur- 
faces about  four  inches  hi*oad,  which  weclge  between  three  ])airs 
of  fixed  conluct&  By  means  of  this  switch  the  circuit  of  any 
dynamo  may  be  instantly  broken.  The  size  of  the  various  con- 
iloctors  vary  with  the  requirements.  The  street  conductors  are 
equal  lo  a  copper  rod  of  one  half  inch  diameter,  and  the  service 
oondoctors  vary,  some  of  them  being  equal  to  two  and  others  to 


^. 
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Ft'j.  Ill 

ten  No.  10  wires.  Of  the  street  conductors  there  are  over  sixteen 
niilw altogether.  Tlie  field  magnets  of  the  dynamos  are  placed 
JO  a  shunt  circuit  derived  from  the  main  circuit,  and  including  a 
^itcli  and  a  number  of  rheostatic  coils,  one  or  more  of  which 
nuy  be  thrown  into  the  shunt  circuit,  so  as  to  add  to  the  resist- 
ance of  the  shunt  circuit  from  the  small  fraction  of  an  ohm  to 
Mven  and  a  half  ohms,  which  is  the  greatest  resistance  necessary 
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to  control  tlie  current  exciting  the  iicld  inagnots,  and  thus  con- 
trol the  current  in  the  main  circuit 

The  general  arrangement  of  this  regulating  system  is  shown  in 
figuresllSand  114.  Thoeurrent which fecda the himpa  fomishea 
a  fleviaiion  nt  the  machine  M,  whirli  eiitera  aci  electtric  dynamo- 
meter, after  having  gouo  through  a  resistance  of  180,000  ohras. 
Tlie  eleetro-motive  force  is  about  103.5  voIls,  and  a  diSeronoo  < 
one  volt  corresponds  on  the  scale  of  the  indicating  apparatus 
three  divisions;  consequently,  for  each  observed  increase  of  in- 
t  -iisity  a  rasistaiice  capahle  of  compensating  for  it  is  introdace^J 
into  tlie  circuit  For  this  purpose  Mr,  Edison  has  established  •* 
circular  commutator,  f,  with  bobbins  of  diflEerent  resistance,  which 
permits  of  an  increase  of  resistance,  not  io  the  lamp  circuit, 
which  would  lead  to  a  loss  of  work,  but  in  the  circuit  of  field 
magnets,  wliicli  weakens  their  action  on  the  working  coiL 


ii?.  113. 

EXPLAN'ATION. 


A  r>ynEmo>elocuic  macliiue. 

B  Table  of  tlio  roKululor  i/iynXam. 

0   Tablo  o(  thoicaU'iuitnnoicr  »vMtoui. 

D  Standard  batter;  of  1U3.S  voltft. 

*ta  Jjunff  circuiL 

bb  Rapilator  uirauit. 

«  Q*lv4nomotor  teat  circuit. 

tU  StAniittPl  biatflfv  cimmt 

c   Bcigulutor  of  re«iftttincc9. 


/  Interrupter. 

•f  [»vertiGr. 

U  Variable  naiataaM  abUDt. 

i  lt«8iit«UM  uf  &U,00l>  ohms. 

/  Commutator  of  lour  contacts. 

k  Galvanometer  lump 

in  Dividod  scaIo. 

n  TliaoiaoD  t'&lvnoomfiicr. 
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There  w  n  set  of  resistance  coils  for  each  d3rnamo,  each  set' 
ing  provided  with  u  circuUir  switch,  oj>crat<-'<l  by  a  horizontul 
shaft  thmugh  aeln  of  miter  gearing.  An  attendant  is  stationed 
at  tlie  wheel  at  the  end  of  tho  horizontal  shaft,  and  turns  tho 
switches  one  way  or  the  other,  acrording  tt>  the  retjuirementa. 
lie  is  able  to  judge  of  the  amount  of  current  required  by  watch- 
ing an  indicator  which  is  provided  with  two  lamps,  one  red  and 
one  l)lue,  with  a  device  for  thn)wing  one  or  the  other  of  them 
into  the  ciituit,  arconling  jls  tlie  current  is  sti-ong  or  weak ; 
neither  tamp  being  iiluniiuatcd  when  the  current  is  normal. 
"When  the  blue  latn]>  is  lit  more  resistance  is  requiretl  in  the 
ahunt  circuit  to  reduce  the  amount  of  current  passing  tlirough 
the  wires  of  the  field  magnets ;  consequently,  the  attendant  turns 
the  switch,  throwing  in  one  coil  after  another,  until  the  blue 
lamp  ceases  to  shine.  When  the  red  lamp  shine-s,  the  switch 
must  be  turned  in  the  opposite  dii*ection  to  increase  the  power 
of  the  field  magnet  and  to  strengthen  the  current  in  the  main 
circuit 

The  resistance  coils  are  composed  of  German  silver  wire 
wound  upin  skeleton  Ijobbins,  between  which  and  between  the 
convolutions  of  each  helix,  there  is  a  free  cin>ulation  of  air,  which 
keeps  the  whole  system  cool.  All  these  coils  are  couple<l  to- 
gether in  series,  the  first  being  connected  to  one  binding  screw 
of  the  apparatus,  the  other  binding  screw  being  connected  to  the 
regulating  lever,  whicli  by  beiiig  moved  over  a  number  of  con- 
tact pieces,  arranged  in  a  circle,  and  connected  severally  with 
the  resistance  coils,  can  throw  into  the  circuit  of  the  field  mag- 
net of  the  generator  any  number  of  tlie  resistance  coils,  from  cue 
to  the  full  number  in  the  regulating  apparatus. 

From  the  central  station  also,  the  condition  of  tho  current  a" 
fecting  the  lamps  can  be  controlled  by  means  <jf  a  testing  pho- 
tometer, which  shows  bow  much  the  intensity  of  the  current 
must  be  diminished  or  increased  to  correspond  to  a  given  lumi- 
nous intensity.  For  this  purpose  the  photometer  is  mounted  on 
a  table  placed  in  a  dark  chamber.  Under  and  in  front  of  it  is 
placed  a  scale,  arbitrarily  divided,  so  as  to  indicate  immediately 
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the  CAtuJto  power  fumiabcd  by  the  current  in  its  normal  condi- 
doD.  Tht?  left  side  of  Figure  113  indicates  tlie  arrangement  of 
Uie  testing  bench,  with  the  explanatoiy  table  ut  the  bottom 
tif  the  figure.     Figure  1 16  shows  it  in  perspective 

Fi;^nro  118  shows  an  automatic  regulator  recently  invented 
by  ^r.  Edison.  To  tlie  right  of  the  figure  in  a  relay-magnet. 
idioM  le%'er  ia  centred  between  two  contact  points  by  means  of 
afpiml  ailjusting  spring  and  two  flat  springSL  Tlie  helices  of 
liio  magnetare  wound  with  German  silver  wire  and  are  connected 
Erectly  across  the  two  main  conductors,  in  the  same  manner  as 
tlie  bunps  are  connected  VTben  the  proper  electro- motive 
brco  is  obtained,  the  springs  are  so  adjusteil  that  the  lever 
4oet  not  tovicb  either  contact  point  If,  now,  the  potential 
raes,  the  magnet  is  strengthened  and  the  lever  touches  the 
front  point  closing  a  circuit  containing  a  large  electro-magnet 
This  atlracU  an  armature  lever,  the  end  of  which  moves  over 
a  fltt  commumtor.  The  movement  of  the  lever  throws  re- 
aslance  into  the  field  magnets  of  the  genemtor,  until  the  relay 
sugiict  ts  so  weakened  that  the  springs  bring  the  lever  to  a  cen- 
tral position  and  open  the  local  circuit  Now,  should  the  po- 
tential fall,  the  relay  lever  will  touch  the  back  contact  point, 
doBinganother  local  circuit  containing  tlie  other  large  magnet, 
wliicli,  acting  as  in  the  other  example,  moves  the  lever  over  the 
«)mmiitator  surface,  thug  throwing  rcRistanco  out  of  the  field 
until  tlie  relay  lever  again  becomes  ceutml.  Tlius  perfect  auto- 
matic regulation  is  obtained,  the  lamps  remaining  at  the  same 
utile  power,  whether  there  arc  a  few  or  agreat  number  of  them, 
f  whether  the  engine  within  certain  limits  goes  fa.st  or  slow. 
Tbia  is  the  only  regulator  devised  where  the  lamps  are  made  in- 
dependent of  their  number  or  to  the  speed  of  the  engine. 

As  before  mentioned,  all  of  the  dynamos  work  in  the  same 
^^nitwhen  everything  is  normal,  but  if  from  any  cause  it  is 
^iippoaed  that  one  of  t!;em  is  not  doing  its  work  properly,  it  is 
inunediately  disconnected  from  the  maio  circuit  by  letting  go 
ibfl  liugo  switch  by  which  it  is  connected  with  the  main  coa- 
<J»!tore.     The  switch  is  provided  with  a  strong  spring  that  opens 
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it  instantly  as  soon  as  it  is  released.     The  isolated  machine 
now  oonuected  witb  a  battery  of  a  thousand  16-caD<lle 
arranged  in  two  rectangular  groups  in  one  of  the  upper  rooms 
of  the  building,  as  shown;  in  figure  117.     If  the  machine  brings 


these  lamps  to  brilliant  incandescence,  it  is  in  usable  condition, 
and  if  any  trouble  exists  it  must  bo  looked  for  elsewhere. 
On  one  of  the  upper  floors  of  this  buikling  is  a  room  for 
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testing  and  for  taking  a  record  of  the  meters  employed  in  regis- 
lexing  the  amount  of  current  used  hy  the  consumer. 

Tlic  meters  are  tested  bvoonnectiiig  a  number  of  them — from 
ten  to  forty — in  series  with  a  numlwr  of  Kiuipa  connected  in 
multiple  aix;,  by  wliich  means  exactly  the  same  amount  of  cur- 
rent (ussca  through  each  meter,  and,  therefore,  the  same  amount 
of  zinu  should  be  dis4(jlve<l  in  each  celt.  If  any  meter  is  found 
lo  vary  from  the  others  and  a  standard  more  than  one  percent, 
it  is  rpjecteiL 

The  arrangement  of  the  meter  described  on  |mges  155  to  167 

hu  been  somewhat  modifiod  in  practice.     Instead  of  a  monthly 

and  quarterly  leconl,  a  monthly  record  only  is  taken  in  each  of 

ibe  two  jars — the  shunts  l»eing  exactly  alike  in  each,  and  con- 

swjoently  as  the  same  amount  of  current  passes  in  each  jar,  the 

sune  amount  of  zinc  should  l^e  dissolved,  iind  thus  each  jur  is  a 

L'beck  upon  the  other.     Bnih  jars  are  taken  out  of  the  meter 

each  month  by  an  employee  of  tlie  company  and  two  others 

ttubstitutcd  for   thent     Those  taken   out  are    n*turne<l   to  the 

meter  room  at  the  central  station,  where  the  two  positive  plates 

which  have  lost  ia  weight  are  weighed.     The  difference  of  the 

plates  in  weight  eause<l  by  clcc^trolysis  in  tlie  cells  <luring  the 

1  they  were  in  the  consumers  meter  furnishes  a  basis  upon 

L'h  to  calculate  the  amount  of  light  used.    lu  figure  IIS,  the 

two  cells  are  shown  with  the  Gernuin  silver  shunt  under  them. 

Below  the  shunt  is  placed  a  thermo  an-angement  which  prevents 

ihc  freezing  of  the  .sulphute  of  zinc  solution  in  winter,  or  a  too 

low  a  tcmi>eraturo  for  accurate  registration.     It  consiats  of  a 

lamp  circuit  which  is  closed  by  means  of  a  Ihermo  strip  of  brass 

and  steel  riveted  together  and  placed  abova     The  uner|ual  cx- 

pansion  and  contraction  of  the  two  metals  of  the  strip  causes 

the  circuit  to  be  closed  when  the  temperature  falls  below  the 

desired  limiL     This  throws  the  lamp  in  circuit,  the  heat  from 

which  raises  the  tcmperaturo  in  the  meter  and  acta  upon  the 

tiiermo  strip,  causing  it  to  open  the  lamp  circuiL     Before  send- 

iug  them   out  these  tliermostata  arc  adjusted  in  a  rcfrigeralor 

to  act  when  the  temperature  falls  to  40°  FalircnheiL 
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It  is  found  in  practice  that  llic  deposit  on  the  negative  plate  is 
Bomewliat  irregular,  wliile^  on  the  conlrary,  tlie  amount  dissolved 
from  the  positive  piate  is  very  uniform  ;  this  plate  is,  therefore, 
the  one  \ised  for  weighing  and  determining  the  amount  of  ulee- 
trii\'U  enei^gy  consumed 

In  order  that  the  same  current  through  the  oell  nhall  always 
dissolve  the  sjitne  amount  of  inetid,  it  is  essential  that  the  rosisi- 
aace  aud,  consequently,  the  density  of  the  solution,  shall  always 


Fiy,  X18. 

rcmidn  the  same;  it  is,  therefore,  necessary  to  use  a  standard 
solution  of*a  certain  definite  strengtlu  A  solution  of  ten  parts, 
by  weight,  of  water,  to  one  of  snljtliatc  of  zinc.  ha\'ing  a  siieoific 
gravity  of  1-29  at  15.5"  ceutigradc,  is  found  \o  be  the  beat  in 
practice,  and  is,  therefore,  the  one  used. 

The  following  is  the  method  employed  for  Anding  the  meter 
constant  for  this  solution:  The  resistance  of  the  cell  and  com- 
pensating spool  is  9.73  ohms,  so  -^^  part  of  the  total  current 
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passing  through  the  meter  is  shunted  through  the  cell,  the  re* 
moitiing  )}}  i>a88iug  thniugh  the  cuii-sumer's  lamps. 

Now,  a  IS-cantlle  power  lump,  huving  a  resistance  of  140 
ohms,  supplied  with  a  currt'nt  gcnenited  by  a  dynamo  wbofic 
potential  or  electromotive  force  is  103.5  volts,  consumes  .739 
of  on  ampere  of  current  Therefore,  for  one  lamp,  -^'l^ 
.0007587  ampfiro  goestlirongh  the  electrolytic  cell  It  has  l>een 
experimentally  determined  that  one  ampere  will  remove  1.224 
grammi^  of  ziuc  in  an  hour,  and,  therefore,  as  for  each  lamp 
in  main  circuit,  ,0007587  amp^^o  passes  through  tho  cell,  oue 
Uunp  lighted  for  one  hour  wll  dissolve  1.224  x  .0007587^ 
.0009286  grammes  of  zinc;  or,  as  one  lamp  gives  st.xtcen 
candles  of  light,  .0OO92S6h-16=.O0O058,  which  is  tho  loss  for 
oue  cajidle-hour,  and  ia  the  constant  sought  To  find  the 
number  of  candles  per  hour,  therefore,  J-^'-',^^^'"'^-'  ==  candle- 
hours. 

As  the  electromotive  force  is  kept  const/mt,  the  loss  in  wdght 
of  the  positive  plate  will  bear  a  constant  ratio  to  the  current 
which  has  passed  through  the  meter. 

The  two  zinc  ele(;lro<U's  are  held  a  constant  distance  of  on© 
4uarter  of  an  inch  apart  by  means  of  hard  rubber  clamps.  The 
plates  are  always  carefully  amalgaiuatrtl  before  weighing  and 
sending  out  The  plates  fur  iho  25  liglit  meter  measure  three 
inches  in  length  by  ono  in  width  and  one  quarter  in  thickness. 
The  50-light  meter  plates  have  double  the  surface  of  the  25- 
light,  and  the  lOOlight  meter  i)lates  have  double  the  surface  of 
the  60-light  Calling  the  resistance  of  the  25-light  cell  1,  the 
resistjmce  of  tho  60light  cell  =^4,  and  the  100  light  cell  =i, 
ftitd  the  resistance  of  tbe  compensating  spool  consequently 
varies  inverpely  as  the  size  of  the  plates.  The  plates  of  all  sizes 
are  of  the  same  thickness,  and  are  fixed  at  the  same  distance 
apart 

Tho  capacity  of  a  20'light  meter  is  equal  to  25  lamps  burning 

S  Ikoors,  ur  75  Ump  hours  [>er  day;  the  capacity  of  a  50-light 

•"'iwl  U>  ^wi  li>fnpfi  burning  S  hours,  or  150  lamp  hours 

•  if  a  lOOliglit   meter  is    equal  lo 
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100  lamps  biirniug  3  houre,  or  3(H)-lanip  liaura  per  day.  Sj)ecTaT 
metera  are  made  for  couaumers  using  more  than  300-laiup  huure 
of  light  per  day. 

Kach  IB-caiidle  lamp  requires  .739  ainpore  of  current,  and  its 
oueauipire  current  devolopa  iti  oue  luiuute  iKrough  cue  obm 
reaJBtaiice  work  equal  to  44.24  ioot  pound.'S  .7119  am[>6re  through 
140  ohms  rcqujros  .739*  x  HO  x44  24=*e3.383  foot  pounds  |kt 
minute,  or  about  one-tenth  of  a  horse  power.  In  practice,  how- 
ever, only  about  seven,  hunps  per  horse  power  aro  obtainc<l. 

The  lighting  up  of  a  house,  asvclt  as  all  matters  oounected 
with  the  meter  and  supply  of  the  current,  are  under  tho  control 
of  the  meter  department,  as  are  also  the  cateh  box  plugs  which 
connect  the  house  wiriug  with  the  street,  as  well  as  the  sealing 
of  tho  catch  boxes  and  melers. 

Tho  customer  is  alloweil,  in  case  of  any  question  arising  as  to 
the  accuracy  of  the  charge  for  the  light,  to  have  ono  of  the 
meter  jara  under  his  control,  and  ho  may  have  the  weighing  . 
done  by  any  reputable  chemist  Tlio  metora  are  always  tested 
before  l>eing  placed,  in  a  house,  bo  tliat  any  error  in  the  measure- 
ment of  the  reaiatance  of  the  shunt  oi*  compensating  spool  may 
be  detected- 

When  the  jaiis  are  sent  out  the  plates  aro  weighed  and  the 
weight  is  entered  tiptm  the  form  kept  in  the  central  station  office 
for  this  purpose,  as  follows : 

THK  EDISON  BLKCTKIC  lI.Ll.MJXATlilU  CO. 
or    KEW   YOBK. 


[OOT.] 


rntST  i>i9TBior. 

Meter  Bonle  No.  1.151. 
Proparod  for  iim  March  17,  1893, 
Weight,  88.030  grsmmott. 


To  each  jar  is  aitauhed  a  card  containing  its  number.  After 
the  jars  are  placetl  in  the  meter  the  latter  is  scjiled  with  lead  by 
a  sealing  press  bearing  the  company's  initials,  and  cunnt.t  be 
opened  without  breaking  the  seal  At  the  end  of  a  month  both 
jars    are  removed  by   the  company's    inspector  and  taken   to 
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ibe  cenUal   uflict%  where   the   plaU-s    Jire  uguiii  weiglied    hihI 
entered  uprm  the  form,  as  foUnws: 

THB  KDISON  KLKCTRIC  ILLUMINATING  CO. 
or  strr  yobk. 

rrauT  Disnmn'. 

Ueter  Bottle  N'o.  1,154. 

Ratum«tl  Biid  vreighed  Aj>ril  IS,  1883. 

^  two  formfl  are  then  scut  t<>  the  accountant,  who  sub* 
ctstbe  weight  of  the  returned  zina  from  the  weight  of  Uie 
zinc  when  it  was  sent  out  (8a0:>0— 86.214=1.816),  and  luids 
the  difference,  1,816  grammes,  lo  be  the  loss  of  aino  (TOra  the 
pwilive  pklo  in  a  montlu  The  nito  of  charge  for  the  Edison 
ligbtia  based  uix>n  the  coat  of  gas  in  New  York,  viz. :  ^.50 
per  thousand  feet.  It  is  found  that  by  multtplyiug  the  number 
Wgramnies  of  zinc  dissolved  by  13,  the  number  of  candle  lights 
^^  by  the  customer  will  bo  obtaine*!,  and  that  by  charging 
Me  dollar  per  thousand  candle  lights,  the  equivalent  of  the  cost 
'Orgaafor  a  similar  amount  of  light  is  ohtained.  Tluis,  1.816 
gfMnmes  of  zinc,  dLisolved  in  jar,  No.  1,151,  would  result  a.s 
follows:  1^16  X  13=23,608  candles,  and  the  bill  would  I>e  reu- 
dered  as  follows : 

EDISON  ELEOTRIO  ILLUMINATINO  CO. 

or  NEW    TOKK. 


OrnCK  ri»8T  DISTKICT,  247    l>BARt.  SIHKKt,  K.  r., 


18S 


u 


^KQiiesKo. Street. 

TO  THE  KDISON  KLKCTRIC  ILLUMmATIEfO  CO..  OF  NEW  YORK. 
Por  Etectrio    Lixht  supplied  TroiD  UurcU    17   lo  April  18,   SS.IIO  Stan>lar>J 
C^n  it$I  per  U  Cnndlei,  ^3.til. 

f  A  ipem  ctniUe  burDing  120  gralna  of  xpenn  per  hour  jgirot  one  n&udard  caudle 

nl  liglit.) 
R«oeiveU  Psjment  for  tlie  CotnfMUij. 

BUIpnwBttil 

HU 

There  is  no  chai^  to  the  customer  for  the  use  of  the  meter. 
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Generally  speaking,  the  bills  are  found  to  be  about  the  same  &a 
gas  bills  for  the  corresponding  time.  Tlie  number  of  lamps 
now  burning  in  the  first  district  is  about  six  tlioiisaml, 
although  the  buildings  are  wired  for  a  larger  number,  and  there 
are  thirty-two  men  yet  at  work  wiring  buildiugs  every  day. 
Two  or  three  dynamos  work  night  and  day,  according  to  the 
demand  for  electricity,  and  the  machinery  in  the  station  is  doing 
excellent  work. 

Inquiry  has  been  made  in  many  offices  and  stores  as  to  liow 
the  light  was  liked,  and  iis  to  the  cost  Opinion  seems  to  lie 
favontble  to  the  liglit,  but  its  cost  is  complained  of  in  some 
instances.  Greiit  pleasure  wiis  expressed  at  die  purity  of  the 
air  where  the  light  is  burned  In  an  optician's  shop,  where  ten 
lamps  are  bui-ned,  the  proprietor  said  that  the  cost  of  tlieKdJson 
light  was  about  twenty-five  per  cent  more  than  the  cost  of  the 
s,nme  light  for  gas,  but  that  the  light  was  }>Hlter  than  that  from 
gas,  the  air  of  the  shop  was  pleas:inler,  and,  upon  the  whole,  the 
increase  in  cost  was  trifling  compared  to  the  advanlages  of  the 
new  light  over  the  old.  In  tliia  place  the  light  h:i3  been  in  tise 
every  day  since  the  22d  of  last  November,  and  has  never  failed. 

The  central  electric  ligliting  station  is  very  complete  in  all  of 
its  appointments.  Every  imaginable  emergency  has  been  pro- 
vided for;  coal  bunkera  in  the  top  of  the  building  to  hold  a  re- 
serve of  coal,  water  tanks  U>  supply  water  in  case  of  any  defi- 
ciency or  cessation  of  supply,  thorough  protectaonagainst  flre^  [ 
and  thorough  workmanship  everywhere. 

For  convenience  in  handling  the  heavy  parts  of  the  machines^ 
the  dynamo  room  is  provided  with  a  travelling  hoist  capable  of 
running  the  entire  length  and  breadth  of  the  room,  and  having 
power  enough  to  easily  lift  the  heaviest  part  of  any  machine, 
and  of  holding  or  carrying  it  as  may  be  required.  Tlie  New 
York  Times  is  lighted  from  the  Pearl  Street  station  by  means 
of  branch  tindergronnd  connections  with  the  regular  under- 
ground conductors  in  the  tirsi  district  The  plant  comsists  ol 
288  lamps,  distributed  as  follows: 


»DIS0N'«   DICAJiDESCENT   RTftTFJI. 

Composinj^  Ruom 115 

Mailing            "      12 

Prujis                 «     77 

Reporters'        " 14 

Editorial          "     , 27 

HulU 12 

Offices 31 

Total 288 
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The  fixtures,  prepared  under  special  oi-dcra  from  the  Times 
Companj,  were  manufactured  by  Messrs.  Bergmann  &  Co.  Tlie 
success  of  the  light  in  the  Times  building  is  a  good  illustration 
of  the  entire  success  of  the  undergi"ound  Bvstem,  tecause  the 
building  is  not  only  at  sucb  a  distance  from  the  central  station 
as  to  submit  the  carrying  capacity  of  tho  conductors  to  a  severe 
test,  but  being  also  lociited  outside  the  limits  of  the  district,  and 
beyond  the  bonlers  of  ttie  network  of  conductors,  spefjiul  con- 
ductors hatl  to  be  laid  and  connected  with  the  system  in  a  man* 
ner  not  originally  contcmplateii  Everything,  however,  has 
worked  perfectly,  and  the  light  is  giving  entire  satisfaction. 
Several  other  newspapers  have  applied  to  l>o  connected, 

Tlie  Western  Union  Telegrapb  Company^s  building,  comer  of 
Dey  Street  and  Bn>adway,  is  lighted  from  the  Pear!  Street  sta- 
tion by  a  s[x;cialcon<lnctor  running  down  John  Street,  and  con- 
nected with  the  network  of  conductors  in  the  district,  at  Nassau 
Street.  The  building  is  being  wired  for  345  lamps,  but  for  the 
present  only  about  235  will  be  used,  distributed  na  follows : 

Roomt<  of  the  AsstXiiated  Pn?ss 55  lamps. 

Operating  Room 107      " 

Second  Floor 56      '* 

Halls 8      " 

Firet  Floor.  No.  8  Dey  Street 15      " 

Second  Floor,  No.  8  Dey  Street 15      " 

Total 255 
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COffl'  OT   rSSTALLATIO^I    OF  THK    KDlfiON    PI*ANT. 


In  the  following  price  list  the  coat  of  the  dynanio-electric  m*-^' 
chine,  including  the  regulating  apparatus,  extra  brushes  and  the 
requisite  number  ni  lanip.-*  and  socket-s  for  A  or  B*  lights  i* 
constant,  while  the  cost  for  fixturea  and  wiring  is  only  approxi- 
mate. The  figures  are,  however,  drawn  from  experience  in  in- 
stalling the  apparatus,  which,  taken  as  a  whole,  is  called  thex 
plant  ^1 

Tlie  only  material  depreciation  on  the  dynamo  is  in  the  wearing 
of  the  journals,  comrautatoi-a  and  brushes,  which  with  ordinary 
care  doe.s  not  exceetl  one  per  cent  ]>er  annum,  Tlie  lamps  at 
their  normal  candle  power  are  guaranteed  to  have  an  average 
life  of  not  less  than  600  liours.  The  oost  of  new  lamps  is  one 
dollar  each. 

The  company  will  at  any  time  make  estimates  of  the  cost  of 
installing  a  plant,  requiring  only  a  detaile<l  plan  of  the  premises 
to  be  liglited.  This  plan  should  show  the  jiropoaed  location  of 
the  dynamo,  the  location  and  description  of  the  rooms  to  be 
lighted,  also  the  total  number  of  lamps  required.  An  elevation 
should  accompany  this  diagram,  showing  the  height  of  ceilinga 
On  completion  of  a  plant  they  allow  one  of  their  nien  to  remain 
for  a  rciusonablo  period  of  time,  at  their  expense,  to  instruct  the 
purchaser  in  its  use.  It  may  be  run  by  any  workman  of  ordi- 
nary intelligence,  and  requires  no  more  attention  than  could  be 
given  by  any  engineer  without  interfering  with  liis  regular 
dutiea  In  their  coatracts  the  company  guarantee  the  efficiency 
of  the  system. 


THK    EDISOy    K   nVNAMO    FOU    15   A    r.tOHTS   OK   80   B   LIGHTS. 


1 


Floor  space,  25x17^  inches  ;  height,  2  feet  11  inches  ;  pulley, 
face,  3  inches;  diameter,  5  inches;  revolutions,  2,200  per  min* 
ule ;  weight,  700  pounds  ;  4  horse  power. 


*  A  lightB  1 6-oaacUe  power ;  B  UgliU  8-cand)o  power. 
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Cost,  €iictwlTa  of  OcKint«r-«ha(l.  BuU  CannnctlonH,  md  Pono- 


Ono  K  ftynntno-filectric  macJiine  complete,  refrulalitig  re- 
siitaDoe,  half  dozoo  bniahM.  witli  I&m|M  and  tiooketii. . 

Fixturm  rary  in  prico  Irom  76  cents  lo  $5.85  per  lamp, 
according  to  atvio  und  Huiali.  For  comiiLoii  tactory  ubb 
llie  cost  wDiiId  probably  iioc  exceetl  IS  cents  per  lamp. 

Tlio  cost  of  wire  (or  coDtluciors,  cui-ouu,  sa[^t.r  oatcbea, 
aiid  oilittr  aeceHHories,  will  vary  wiUi  disUinoe  of  lauipa 
from  dyniLmo.  alfn  willi  tnmibor  of  braiH.'liCfi  and  diapo- 
ailioD  And  grouping  of  lanip«.  Tho  probable  average 
wUl  be 


SO  00 


$fi«l  96 


80  W 


$C43 


THE    EDISON    Z   DYNAMO  POR  00  A  LIGHTS  OK  120  fi  LIGHTS. 

Floor  space,  45x39  inches ;   betgbt,  6  feet ;   puUey,  face, 
inches;   diameter,   10  inches;    revolutions,  1,200  per  minute; 
weight,  3,000  pounds ;  10  horse  [jower. 


CoU,  excluilve  of  CotuitcTHibaft,  DcH  ComiTCHoiia.  and   Fotm>  m  k  LMita 
tlBliniiK  *-![«»* 


Ou9  Z  drnamo-electric  marhino  cnmpleui,  rpgiiUting  ro- 

iUtaoce,  half  doKOU  bruslies,  wiUi  lamps  nod  aockvta.    ,   $1,200  00 

Fizbirei  vary  io  prim  from  75  ccota  lo  $j.8S  \»r  lamp^ 
according  to  style  and  tltualL  KorL-uttimuu  factory  use 
tho  cost  would  not  exceed  75  oeuis  per  lamp 

The  coKt  of  wire  for  conductors,  cut-out^  safety -cutcbes, 
and  other  sccessorled  for  above  plaiiia,  will  vary  wiUi 
dutikoce  of  lamps  from  dynuno,  also  with  number  of 
bnmches  and  disposition  and  grouping  of  tlte  lampe. 
The  prob&ble  avcmge  will  bo 


45  00 


390  00 


$1,686  00 


iWBUxtatK 


THE    EDISON    L    DYNAMO   FOB   150   A   LIGHTS    OR  SOO  B  LIO 


60x39  inches;  height,  6  feet  fl  inches;  weight,  6,000  lbs. ;  pul- 
lev,  face,  9  inches:  diameter,  14  inches:  revolutiooa,  900 
miuutu ;  19  horse  jwwer. 


C<Ml,«xclncive  of  CovDtcr-flbAft,  Belt  Cmnscdoits  snd  Foiud«tlo(i«. ;  ISOA  Ufbt*.  300  B  ligtOM 


One  L  dynamoeleetric  machluo  compleU).  refpilatin^  racUt- 
RUCC)  half  dozen  bruaiica,  with  lamps  aad  sockaw 

Fixtures  varj  in  jiricc  from  7&  coDla  to  $6.85  per  lamp, 
a«coniing  to  style  and  flniBh,  For  common  faolorj-  niw 
tliQ  coet  Would  probably  not  exoeed  16  centa  per  lamp. , 

Tlio  co«t  of  wire  for  conductors,  citl>oui8,  safotj'-citlcbeA, 
uii'l  other  accessories  for  above  planlH,  will  Tmrj'  witli 
dtttlaDce  of  lamps  from  dynamo,  also  with  number  of 
brandies  ivtid  diH|K)(iiiion  and  groupiug  nf  the  lamps.  The 
probable  avera^  will  be 


$2,000  00 
113  ftO 


$3,300 

2X& 


oo 


&26  00         dOO 


$2,fi31    &U    ^S.Ud 


THS   EDISON'    K  DTXAMO   FOB  250  A   LlOJn^   OR   500  B  LIGI 

Floor  space,  70x39  inches;  height,  6  feet  6  inches ;  weij 
8,250   poutifU;    pullev,  faec,  9    inches;    diameter,    14   iiwj 
revolutions,  900  per  iniuutc;  35  horse  power. 


CiMttexclaslvvofCouater'aliafl.BcUOunoecUousiuidFoaiulatlonB.  ttaAU^iU..OO0Bl.lgtata. 


Ono  K  dTDarao^cctric  unachiao  oomplolc,  rogulaliDK  ro^t-'  I  j| 

anee,  half  doxcQ  bruiibea,  with  lumps  and  socketst '  $3,000  00   $3,500  00 

Fixtures  vnry  in  price  from  7&  centa  to  $5.96  per  lamp, 

accordinif  to  stvleand  liniMh,     For  oommon  factory  use 

tho  Cost  would  uut  oxcwd  76  centa  per  lamp 137  tO 

Tlie  cOHl  of  wiro  for  conductors,  cut-outs,  Bafoty-caloliea, 

and  oiber  atNiessories  for  above  plants,  will  vary  with  dis- 

tanca    of    lumps   from   dynnmn,   aUn   with    Dumber  of 

braachea  and  disposition  and  prouping  of  the  tamps. 

From  oxperionce  in  planta  iosialled  wo  And  llio  probabtei 

avenge  will  be 


876  00 
$4,061  50 


1.600  0» 

$6,376  00 


a'ib 
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OovKTinr. 


iMCTAU-ATIOm, 


UoltodBialQs 

Fimoe 

Italy 

Gorman  jr.,.. 

Eiollaud 

AiiBtria 

Ruscin 

Belgium 

finglantl 

ToUl.. 


30G 


101 

33.0JiO 

na 

S.C80 

11 

H.TIT 

i» 

3.667 

* 

1.646 

t 

1.1  J4 

li 

?.T7I 

\i 

I,3Cfl 

31 

8,443 

Lamto. 


61,U39 


yiLLAQS    LIGIITKU   WITH   EDISON   IJGHTS, 

The  Edison  Company  have  installed  a  central  station  plant 
al  Roselle,  N.  J.,  being  the  first  village  plant  installed.  The 
conductors,  iho  largoi^t  being  No.  00  wire,  and  the  Bmallcst  Na 
18  wire,  are  saspeuded  on  poles  SO  feet  in  height,  and  130  feet 
apart,  the  positive  wires,  where  there  are  more  than  two,  being 
on  the  upper  arms,  and  the  negative  wires  on  the  lower. 
Where  there  are  only  two  mains,  tlie  positive  is  carrietl  on  the 
right  going  from  the  station,  and  the  negative  on  the  left  The 
total  length  of  wire  is  S.-^^^  milcA  The  mains  were  all  com- 
pleted on  January  15th,  and  on  the  first  test  were  found  to  be 
electrically  perfect  The  central  station  is  located  at  the  comer 
of  First  Avenue  and  Locust  Street,  Roselle,  and  occupies  nearly  a 
central  position  in  the  district  lightoil,  which  radiates  about  one 
half  mile  each  way  from  the  station.  The  building  itself  is  a 
frame  structure  of  tasteful  design,  and  measures  39  feet  7  inches 
by  3-i  feet  10  inches,  in  the  clear.  Internally,  it  is  divided  into 
two  rooms — a  boiler  and  machinery  room.  The  boiler  room 
measures  15}  by  39^  feet,  and  the  engine  room  19  by  39^  feeL 
The  Bteam  is  furnished  by  a  150  horee-power  duplex  safety 
Ixnl^,  which  is  entirely  enclosed  with  brickwork.  The  ma- 
chinery  room  has  capacity  for  four  K  dymimbs,  each  with  a^f 
indei>endent  engine.  They  have  now  installed  and  in  use  thre^^ 
K  liynamos,  two  of  which  »n>  run  every  night     There  are 
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houses,  wired  for  over  500  light?,  connected  with  the  system^ 
acJ  150  slreet  lamjMt.  Some  of  these  houses  and  lamps  are  half 
a  mile  from  the  station.  The  platform  of  the  railway  depot  is 
lighted  by  nine  lamps  in  clusters  of  three  each,  each  of  the 
WBiting-rooms  ia  lighted  "by  a  three-light  electrolier,  and  the 
t«I<^Iih  and  ticket  office  is  lighted  by  a  portable  fixture  and  a 
wall  WRcket  The  current  was  first  turned  on  January  19th, 
148S,  since  which  date  the  station  has  been  run  eveiy  night 
without  a  hitch  of  any  kitid,  the  lights  being  perfectly  steady 
Mtl  reliable, 

STEAMBU    I'lLORlM    MGHTKH    WITH    EPISON   LIGHTS. 

The  plant  on  the  Steamer  l*ilgi-im,  Iwlonging  to  the  Old 
Colony  Steamboat  Com|>any,  consists  of  910  lamps,  one  L  and 
tfo  K  dynamos  (with  a  capacity  of  11.35C  candlo-power),  and 
t*o  Annington  «fe  Sims  engines  (one  8^  by  10  B  engine  and  one 
^hy  12  C  engine),  belted  directly  to  the  dynamos.  Steam  is 
fumigbed  by  a  s|)ecial  Iwilerof  about  fio  H.  P.  capacity,  wiUi  80 
pwuiA*  prcsBnrc;  steam  connections  are  also  made  with  the 
donkey  boiler,  and  with  the  ship's  main  boiler,  for  emergencies. 
Too  dynamos  can  be  used  either  together  or  separatel}*,  and  are 
i^ulated  by  the  Edison  automatic  regulator.  The  current  is 
t*l«:n  fmm  the  dynamos  to  tlie  main  deck  by  an  Eriison  electric 
tiibe,  rumiing  vertically  on  the  forward  side  of  a.  must  to  the 
ceiling  o{  the  main  deck,  an<l  there  dividing  to  each  side  of  the 
***l  Each  branch  then  runs  aft  to  the  centre  of  the  boat, 
wHence  all  run  vertically  to  thu  ceiling  of  the  gidlery  deck. 
(^  baa  been  taken  throughout  the  whole  wiring  to  provide 
*'**^h  »  system  as  to  prevent  the  lights  from  being  extinguished 
'•y  M accident  ti>  the  lx>at,  anl,  tu  that  end,  the  wiring  has  been 
uiviilod  into  four  sections,  each  of  which  is  entirely  independent 

itl^e  utliers,  and  each  ia  furnished  with  its  owti  proper  complc- 
>CDt  of  safety  appliances.  Kach  tixtui^,  whether  it  be  a  large 
chandelier  in  one  of  the  saloons,  or  a  single  light  in  a  Ktateroom, 
i^  also  furnished  with  the  Edison   safety  catch.     The  grand 


J 
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saloon  18  illuminated  by  ono  large  chandelier  of  36  lights, 
two  cliandeliers  of  27  ligbta  each,  each  chandelier  having  fouF" 
tiers  of  lights,  every  tier  being  contivjUed  by  a  separate  Bwitch, 
and  cacli  chandelier  being  supplied  from  two  separato  sections  of 
conductors.  Tliere  are  also  on  the  saloon  dwk  tliree  small 
electroliers  of  8  lights  each,  four  newel-|>i)st  fixtures,  five  two- 
light  brackets  in  each  side  passage,  and  four  additional  two-light 
brackets  at  other  poJntsi  The  gallery  deck  receives  the  greater 
portion  of  its  light  from  the  large  electrolier  in  the  main  saloon, 
and  has  also  one  eight-light,  and  one  twelve-light  electrolier,  live 
brackets  in  the  side  passages,  and  ono  four-light  bracket  aft 
Tlie  remainder  of  the  lamps  are  distributed  in  the  social  hu 
the  quarter  deck,  dining  tyiloon,  freight  deck,  engine  and  Iwili 
room,  fire  room,  barber's  shop,  captain's  oftico,  kitchen,  pant 
officers'  quarters,  staterooms,  and  miscellaneous  portions  of 
boat,  there  being  no  gas  or  other  light  on  the  vessel 

'I'he  plant  is  the  Edison  A  system,  with  an  electro-motive  force 
of  110  vults,  the  lamps  used  Ireing  of  IG  and  10-cnndlo  jKiwer, 
as  rttfjuircd.  The  total  number  of  lamps  are  distributed  as 
follows : 

paw. 

Gallery  and  Grand  Saloon 199 

Main  Peck 181 

Dining  room  and  Aft  (Jabin 32 

Forward  Oabin 14 


power. 

250 

ToUl. 

449 

138 

^m 

110 

142 

S« 

50 

1 

376 


534 


91t>| 


EFFICIENCY   AKI)   COST  OF  THE   E1>I30N    UGHT. 

'llie  following  extracts  ore  from  a  letter  written  by  Mr. 
Clarke  in  reply  Uj  an  inquiry  ;w  to  the  efficiency  and  eoonoD 
of  the  Edison  plant  in  the  Pembertou  Mill,  Lawnmee,  Kasa. : 

We  put  in  one  Z  dynamo,  65  A  or  120  B  lighta^  in  OctuL 
1881,  and  at  lijvt  trie*l  the   120  B  ligi.t*t  wt''    '*  "  '' 
loomsr  with  one  light  U»  a  loom.    From 
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'ork  I  became  oonvincetl  that  tlio  A  lamp,  iising  half  as  many, 

-^BVC3>iliI  sen'e  iis  Ijetter;  consequently,  I  made  the  change,  getting 

O^  A  lamps  in  running  onler  in  January,  1882.     With  these  A 

l^ixps  we  hghied  130  looms.     The  many  advantages  of  the  lights 

some  of  which  were — almost  perfect  condition  of  the  atmospliere 

•wrten  using  no  gas  jets,  discrimination  of  colors,  little  impur- 

f^?ctions  in  weaving  remedied  more  quickly  by  tlio  weaveii 

I      ^     better  diffusion  of  light  among  the    machinery,    enabling 

^H  c^xaicker  renewing  of  warps  in  looms,  and  quicker  repairing  of 

^m  \yTtaks  in  warps  or  machinery,  all  of  which  were  experienced  in 

H   xissing  the  light  through  the  winter  of  1881  and  1882,  and  up  to 

^M    September  of  1882 — decided  me  to  increase  the  number  of  lights 

^1     so  aa  to  light  wholly  two  entire  weaving  ri>i7ms.     I   themfore 

codiracted  for  2  L  dynanios,  150  lights  each,  giving  me  in  all 

366  A  IIght&     TheiM3  were  all  in  operation  early  in  November, 

1882,  anil  have  been  in  use  continually  since.     After  a  week'a 

1*6 1  liad  taken  out  of  tlie  two  rooms  all  of  the  gas  jets,  except 

4  in  each  room,  which  are  \ised  in  case  of  stopping  of  electric 

r^hta— that  no  i)anic  may  be  occaaioued  among  the  help.  Tho 

electric  machine;?  are  driven  by  the  regular  power  of  the  mill 

{witer  wheels),  and  once  in  a  while  a  short  stop  is  necessary 

froBi  some  breakage  of  shaft  or  large  l>elt,  etc. ;  hence,  the  fuw 

gM  jctu  spoken  of  above.     The  operation  of  the  machines  and 

liglia  through  the  mill,  thus  far,  has  been  very  etitisfactory. 

"6  niake  colored  gooda  largely.     Our  weave  rooms  are  wide, 

*n<l  in  li.'irk  days,  and  in  fatit,  nearly,  if  not  quite,  every  day 

we  bvo  used  a  part  of  the  lights  all  day.     The  difference  in  the 

atmosplicric  condition  of  tbo  rooms,  from  what  they  were  when 

we  BM(1  gas,  is  almost  indescribable.     In  the  evening,  when  all 

lighted,  the  air  is  as  pure  to  the  health  and  sight  as  it  is  in  the 

fun  mmlight. 

I  liave  the  light  at  my  desk  in  the  office,  and  its  ste-adiness, 
*iJ  the  absence  of  heat  rays,  make  it  very  pleasant,  and  1  am 
able  to  write  and  read,  as  long  as  I  choose,  without  any  incon- 
venience to  my  eyes. 
^ov  for  compiimtive  economy  of  gas  and  electricity : 
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"Wo  used  during  January,  1883,  136  lamps  ten  hours  per 
day,  and  230  lamps,  2  hours  per  day,  being  equivalent  to  181 
larnps,  10  hours  per  day.  As  we  displaced  2  gas  jets  with 
each  A  light,  we  diaphuiL-d  362  gas  jete,  with  181  A  lights.  362 
gas  jets,  10  hours,  4  feet  per  hour,  give  14,480  feet  gas,  which,  at 
$1.65  per  thousand  ^  $23.89,  aa  daily  cost  of  gaa  to  obtain  & 
poorer  light 

The    electric   plant  cost  $fi,82o.60.     12   per  cent   of 

$6,825.60  for  interest  and  depreciation,  one  day. ...    $2  73 

Eight  mills  per  H.  P.  per  hour,  181  lights  28  H.  P 2  24 

Lamps,  181  lights ;  renewal,  4  lamps  daily 4  00 

Ejttra  cost  man  and  oil,  gXq I  25 

Total  daily  cost  of  181  lamps,  10  hours  per  day $10.22 


MR    EDISON  a    AWARDS    BV   THE   MTERNATIONAL    COKGIIESS    OP 

El.t:CTKH;iANS,  AT   PAHIS. 

The  congi*ess  subdivided  its  work  among  juries,  to  each  of 
whom  certain  special  subjects  were  assigned.  The  highest 
aw.ird  the  congress  could  give  weis  a  diploma  of  honor.  The 
final  award  to  Mr.  Edison,  by  the  several  juries,  was  three 
diplomas  of  honor,  two  gold  medals  and  a  silver  medal.  Pur- 
suant to  usage,  however,  the  congress  reserved  the  right  to  re- 
organize awards,  so  as  to  give  to  each  exhibitor  the  highest 
awanl  which  be  had  received  in  any  one  class,  and  the  congress 
therefore  approved  the  recommendations  of  the  juries,  and  itself 
awarded  a  diploma  of  honor  to  Mr.  Edison.  Altogether  there 
were  only  eleven  diplomas  of  honor  granted  by  the  full  con* 
gress^  and  Mr.  Edison  received  the  only  one  which  was  awarded 
for  an  incandescent  electric  light  In  addition  to  the  foregoing 
awards,  Mr.  Edison  received  from  the  French  goverDiaeut  the 
decoration  of  of&cer  of  the  Lt^ion  of  Honor. 


CHAPTER  IV. 

THE  VAXTM,  SWAJf.  BERVSTKIX   ANT)    I.ANK-FOX    INCAJTDESCKXr 
ELECTRIC    MOUTS. 
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THE   MAXIM   IXCAXDESCKXT   LAMP. 

Tn  Mr.  Iliram  S.  Maxim's  earliest  form  of  incandescent  lamp 
beemptoycfi  platinum  for  the  liglitgiving  l»d_v. 

Figure  122  sliows  tlii.s  lamp  in  j>crsi>ectivo ;  >'ig.  123  is  a  ver- 
tical section.  The  spring,  A,  which  clamps  the  lower  end  of 
the  pUtinum  strip,  is  secured  by  a  binding  post  to  a  vulcanite 
Wock  attached  to  the  base  of  the  iron  standard.  Ati  insulated 
pUticum  tipped  rod,  B,  extends  through  the  base  of  the  stand* 
an^iandis  connecte<l  with  one  terminal  of  a  resistance  coil,  C, 
concealed  in  the  base.  The  other  terminal  of  the  coil  is  in  elec- 
trical communication  with  the  iron  standard.  A  threaded  iwl, 
A  extends  downward  through  the  upper  end  of  the  standard, 
and  his  at  its  lower  end  a  clamp  for  holding  the  upper  end  of 
the  platinum  strip.  Tlie  rod,  T),  is  adjusted  by  the  nut  which 
hflaraon  the  lop  of  the  standard,  so  that  when  the  platinum  foil 
Mcoolfthe  spring,  A,  docs  nut  touch  the  n)d,  B. 

One  electric  wire  being  secured  in  the  binding  post  that  holds 
the  spring,  A,  and  another  being  connectetl  with  the  vertical 
standard,  the  current  passes  through  the  spring,  A,  the  platinum 
strip,  the  rod,  D,  and  tlie  vertical  standarfl,  heating  the  platinum 
to  incimdescence.  Should  the  current  increase  so  as  to  bring 
the  temperature  of  the  platinum  nearly  to  the  melting  point,  the 
rtriji expands  until  the  spring,  A,  touches  the  cud  of  the  rod,  B, 
when  a  portion  of  the  current  passes  through  the  resistance  coil,  C. 
When  the  temperature  decreases,  the  platinum  contracts  and 
breaks  the  contact  between  A  B. 
This  lamp  was  invented  by  Mr.  Maxim  in  1877,  but  was 
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oerer  patented,  becauae  he  found  by  experiment  that  it  requii-ed 
I  very  much  greater  expenditure  of  power  to  produce  a  given 
ttiritb  it  than  was  niiiuiriHi  with  the  oarbon  poinUi. 
iuleequently  Mr.  Maxim  produced  the  lamp  which  is  shown 
mFig.  124.     This  lamp  resembles  the  Edison  aud  Swan  lamps 
in  its  general  features,  bxU  difl'ers  in  details  of  construction,  and 
opeciaHy  in  the  method  by  which  the  carbon  conductor  is  made. 
The  Maxim  carbon  is  made  of  pajfer.  carbotiizeii  in  a  peculiar 
way,  and  afterward  heated  to  a  liigh  tempcraturo  in  a  hydro- 
cubou  vapor  or  gas.     As  is  well  known,  carbon  conductors, 
made  by   carlmnizing  paper  in  the  ortlinary   way,  have   not 
proved  commercially  successful;  they  are   extremely    fragile; 
ibe  stracture  of  the  carbon  obtained  is  too  porous  and  uneven 
for  durability  in  use;  and  it  is  extremely  difficult  to  secure 
utiifonnity  of  resistance,     ifr.  Maxim,  however,  has  succeeded 
in  overcoming  the  defects  of  the  paper  carbon,  and  the  difti- 
caltiea  attending  its  manufacture.     In  carbonizing,  according  to 
Us  process,  a.  stream  of  gas  or  vapor,  rich  in  carbon,  is  passed 
through  the  muffle  containing  the  blanks  in  ])nx;es8  of  carbon- 
ization, so  us  to  envelop  them  on  all  sides  during  the  time  the 
tottffle  is  in  th^:  furnace.     Carbon  from  the  gas  is  depusitcd  in 
ibe  pores  and  intcreticcs  of  the  material,  very  much  in  the  same 
way  as  the  deposit  of  carbon  takes  place  in  the  oixlinary  gas 
retorts,  and  this  greatly  solidifies  and  improves  the  structure  of 
the  carbon  conductor.    The  conductor  is  afterward  heated  to  a 
high  temperature  by  ]>as8iug  a  current  through  it  in  a  highly 
nu^Jiwl  atmosphere  of  hydrocarbon  gas,  in  onler  to  still  further 
improve  its  structure  and  standardize  its  resistance.    Mr.  Mn.\im 
has  found  that  in  this  latter  part  of  the  process,  very  much 
better  results  are  obtained  by  using  a  highly  attenuiitcd  atmos- 
phere of   the  gas,  as  an  extremely  higli  temperature  can   be 
vscd,  and  ytt   the  deposition  of  carbon  bo  carried  on  slowly 
enough  to  insure  its  }>enetraling  llie  pores  of  the  material.     The 
deposit  fonned  comparatively  slowly,  and  at  the  same  time  at  a 
ver\'  high  temperature,  is  also  of  more  even  structure 
The  application  of  this  process  to  standardizing  the  resistance 
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of  the  carbons  is  very  ingenious.  It  itt  obviouslj  of  great 
importance,  -where  lampd  «re  run  in  multiple  arc,  that  all  the 
carbons  should  be,  as  near!/  as  possible,  of  the  aatne  size  and  of 
onifonn  resistance  It  is  very  difficult  to  secure  uniformity  of 
reostanoeby  carbonizing  in  the  onlinary  way,  as  the  carbons 
prodoced  from  blanks  of  the  same  size  and  matcriul  dtilet 
widely  in  rcdisiance.  By  Mr.  Maxim  a  i>roces9  all  the  carbons 
are  made,  in  t)ie  first  instance,  of  a  resistance  considerably 
higher  than  that  desired,  and  they  are  afterward  reduced  to  tl\c 
Btaadard     As  the  deposit  formed  by  the  hydrocarbon  treai- 


it 


I 


Wig.  125. 

^'^^  increases  the  mass  of  the  conductor,  it  correspondingly 
™yce8  its  resistance,  and  the  process  of  treatment  is  arrested 
^"1  each  carbon,  when  the  standard  resistance  has  Ijeen  reached. 
ii  Fig.  125  we  show  a  device,  designed  by  Mr.  Maxim,  for 
awtomatically  cuttiiig  the  carbon  out  of  circuit  at  tlie  proper 
*™*  An  electro-magnet,  JT,  is  included  in  the  same  circuit 
^tli  the  carbon  in  course  of  treatment,  which  is  represented  at 
t.  Tlie  surrounding  vosyiel,  /jf,  contains  a  rarefied  atmosphere 
of  hjdrocarbon  gas.  T!io  wire^  A  A  h^id  to  a  generator  svhicli 
should  be  worked  under  the  same  conditions  with  all  the  carbons 
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treated.  It  in  obvious^  that  as  the  reaiatance  of  the  carbon  C 
decreases,  owing  to  llie  deposition  of  carbon  upon  it,  more  car- 
rent  flows  through  the  ooits  of  the  magnet;  and  the  retractile 
spring  M  is  so  adjusted,  that  tlje  magnet  will  draw  down  its 
armature  when  tiie  resistance  of  the  carbon  has  fallen  to  the 
standanl  fixed.  When  this  occurs  the  hammer  O  is  released, 
and,  falling  upon  F,  breaks  the  circuit  suddenly  at  T^  and  cuts 
out  the  carbon ;  the  spring  F  is  prevente<l  from  rising  again  by 
a  detent,  R.  In  a  modification  of  this  device,  which  is  somewhat 
more  sensitive,  instead  of  the  retracting  spring  M,  another 
electro-magnet,  included  in  a  derived  circuit  about  the  carbon 
in  course  of  treatment,  is  made  to  pull  down  the  other  end  of 
the  armature  lever  //.  By  this  apparatus  the  carbons  are  made 
of  very  uniform  resistance. 

The  Maxim  carljons  have  proved  very  efficient  and  dumble. 
In  reports  of  numerous  experiments,  made  with  the  Maxim 
lamjis  at  the  Paris  Exposition,  and  since,  it  is  stated  that  lamps 
of  the  ordinni-y  size  have  repeatedly  been  made  to  give  a  light 
of  from  600  to  1,100  candles.  This  ia  a  very  severe  test,  and 
one  which,  so  far  ns  we  have  observed,  has  not  yetl>cen  success- 
fully endured  by  any  other  incandescent  lamp.  It  would  indi- 
cate a  long  lifetime  for  the  lamps,  when  run  at  their  normal 
lighting  power,  and  this  is,  we  are  informed,  the  fact  From 
reports  which  have  been  received  by  the  United  States  Com- 
pany, from  numerous  plants  which  it  has  erected,  the  average 
lifetime  of  the  lamp  is  shown  to  be  considerably  more  than  1,500 
houra  Lamps  have,  in  numerous  instances,  lasted  from  three  to 
four  thousand  hours;  and  we  see  no  reason  why  this  should  not 
bo  made  the  average  lifetime  of  the  lamps  when  the  proceases 
of  making  thcni  are  still  further  improved.  The  present  Maxim 
lamp  has  a  resistance  of  seventy-five  ohms  cold,  or  about  forty 
when  in  use. 

As  shown  in  the  illustration,  Fig.  124,  the  lamp  is  held  in  a 
socket  or  bolder,  which  may  be  attached  to  an  ordinary  gas  fix- 
ture, or  otlier  suitable  support  Tlie  socket  contains  the  ter- 
minals  of  the   circuit  leading   to   the  lamp,  and  these  are  so 
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anmoged  that  the  ends  of  the  loading-in  wires  of  the  lamp  are 
brought  in  contact  with  them  when  the  lamp  ia  inserteU  in  the 
socket;  and  merely  placing  the  lamp  in  position  makes  the 
necessary  electrical  connections. 

Mr.  Edward  Weston  has  invented  a  new  process  of  making  car- 
lioii!4  for  incandescent  lamps,  which  is,  in  some  respects,  quite  a 
xiew  departure. 

The  great  desideratum  for  lighting  by  the  incandescent 
system  has  been  a  more  perfect  form  of  carbon.  With  the  ex- 
tremely attenuated  form  of  the  luminous  conductor  In  the 
xnodem  incandescent  lamp,  serious  diiliculties,  both  mechanical 
amd  electrical,  have  beea  encountered,  and  very  great  difficulty 
lias  been  exf>enenccd  in  securing  the  uniformity  of  calibre  and 
«len.sity  requisite  for  producing  the  same  degree  of  incandescence 
■throughout  the  whole  length  of  the  conductor. 

Considerable  difficulties  have  also  been  experienced  in  secur- 
ing su/Kcient  uniformity  of  quality  in  the  material,  and  in  work- 
ing it  into  shape  with  sufficient  accuracy.  In  two  of  the  most 
successful  of  the  incandescent  lamps  the  fibrous  structure  of  the 
carbon  has  been  somewhat  modiltfrd.  In  the  Maxim  lamp, 
altbough  the  bm^is  of  the  carbon  is  structural  in  chaiucter,  the 
subsequent  tn*atraent  with  hydrocarbon  vapor  fills  up,  in  a 
great  measure,  the  interstices  between  the  fibres,  and  partially 
obliterates  the  structure.  In  the  Swan  carbon  the  structure  is 
jMirtiully  broken  down,  by  the  process  known  as  parchmentiza- 
tioo,  before  the  material  is  carbonized.  This  obliteration  of  the 
structure  is,  in  both  ca.%s,  only  partial ;  and  the  Maxim  method 
appears  to  be  preferable,  as  the  troitmcnt  is  so  applied  as  to 
correct  such  inequalities  of  resistance  as  there  may  be  in  differ- 
ent parts  of  the  conductor.  In  view  of  the  advantages  secured 
by  lliis  p-irtial  obliteration  of  structure,  Mr.  Weston  was  led  to 
believe  that  still  better  results  would  be  obtained  if  a  carbon 
uoald  be  produced  which  should  be  entirely  structureless,  A 
high  specific  resistance  ia  obviously  very  desirable;  and,  as 
of  vegetable  ori  ■  ■■  T^cartobe  of  much  higher  sjiecific 
an  thoM?  (il  lie  origin,  he  directed  bin  t^ilorta 
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to  obtaining  an  entirely  amor]>hous  or  structureless  mftiemT 
vegetable  origin,  out  of  wiiich  to  fonii  the  carbon.  This  lie  ha 
aeootnplished  by  entirely  breaking  down  or  obUteraling  tiie 
structure  of  cellulose,  and  reaggregating  it  in  an  amorphous 
form,  but  in  such  a  way  as  to  secure  a  very  high  degree  of  tough- 
ness and  elasticity.  The  first  method  winch  he  used  for  this 
jiurjjoso  "Was  to  dissolve  celiuloso  in  tirdinary  fonn — such  as 
cotton,  linen  or  paper — with  cupra  ammonium,  sulphuric  acid, 
or  some  other  efBcient  solvent,  and  thus  obtain  a  gelatinous  sub- 
stance ^vhich  cuuld  be  formed  into  sheets  or  strips,  and  after* 
ward  carbonized.  The  substance  thus  obtained  possesses 
nearly  the  same  chetuical  characteristics  as  cellulose  in  the 
original  form,  but  is  amorphous,  or  without  fibrous  or  cellular 
structure,  and  liomogeneoua  It  is  opaque  and  somewhat 
pliable,  and  the  carbons  formed  from  it,  altliough  homogeneous 
in  structure,  and  much  less  brittle  than  carbons  formed  from 
inorgnnic  substances,  are  not  generally  as  elastic  or  strong  as 
the  carbons  of  the  fibrous  class.  Very  much  better  results  were 
obtained  by  a  somewhat  different  process,  which  he  afterward 
adopted.  Cellulose,  in  any  of  the  onlinary  fibrous  forms,  is 
subjected  to  the  action  of  a  mixture  of  nitric  and  sulphuric 
acid,  in  the  same  manner  as  in  the  ordinary  processes  for  making 
pyroxyline,  gun  cotton  or  nitro  celhilose,  and  this,  when  dis- 
solved in  a  mixture  of  ether  and  alcohol,  produces  collodion,  or 
by  treating  it  with  various  other  solvents — such  as  nitro  benzole, 
naphtha  or  (camphor,  the  ordinary  celluloid  is  produced-  Both 
collodion  and  celluloid  may  be  shaped,  with  great  facility,  into 
any  desired  form,  but  so  long  as  the  characteristics  of  nitro 
cellulose  remain  they  are  not  fit  for  the  production  of  carbons, 
for  the  reason  that  they  burn  without  any  considerable  residue^ 
even  in  a  vacuum,  and  accordingly  will  not  carlwnize.  In  onler 
to  render  tliem  suitable  for  this  puqx)se  they  are  deoxidized  by 
treating  them  with  such  chemical  agents  as  will  deprive  them  of 
their  nitrous  qualities,  and  bring  them  back  to  the  chemical  con- 
stitution of  cellulose.  The  best  of  such  red  ucing  agents  arc  am  mo- 
niam  aulphydrate,  protochloride  of  iron  and  sulphate  of  iron.    In 
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practice  the  celluloid  or  collodion  is  formeil  into  thin  sheets  of 
BOmenrbat  greater  thickness  than  that  desired  for  the  carbon 
condactora,  and  the  sheets  so  formed  are  immersed  in  a  solution 
of  one  of  the  deoxidizing  agents,  and  allowed  to  remain  in  it 
until  thev  are  entirely  reconverte<l  to  the  original  cliemical  con- 
dinoa  of  Ibecellulosa  The  product  obtained  by  this  process 
may  be  termed  amorphous  cellulose,  and  resembles  closely,  in 
many  respects,  ordinary  celluloid^  but  difCei-s  greatly  from  it  in 
others.  When  properly  prepared  ii  is  almost  entirely  transpar- 
ent, baring  only  a  slight  amber  tinge,  is  very  tenacious  and 
liexible,  and  may  be  readily  carbonized  in  the  ordinary  manner, 
bu:  the  heat  employed  has  to  be  somewhat  greater  than  with 
ordinary  fibrous  materials.  It  is  apparently  entirely  homogeneous, 
and,  when  examined  under  a  microscope  of  very  high  power,  it 
sbows  no  structure.  On  account  of  its  toughness,  and  the  case 
Willi  which  it  can  be  shajjed  into  any  desired  form,  either  by 
moulding  during  the  process  of  manufacture,  or  by  working 
with  lools  or  dies  after  the  process  is  completed,  it  will  probably 
prove  of  great  value  for  other  uses  ihan  as  a  basis  for  electrical 
caAoiw ;  but  for  this  use  ut  least  it  appears  to  be  the  best  material 
whicli  has  yet  been  devised.  In  making  carbons  fi-om  it,  blanks 
vr  strips  are  cut  or  stamjiicd  out  of  sheets  iu  the  ordinary  man- 
w,  aad  these  are  afterward  jjlacod  in  a  retort  and  carbonized  in 
tlie  awal  way.  The  materia!  seems  to  work  with  dies  and 
^la  very  much  like  a  metal,  and  the  outline  of  the  blanks 
formed  with  dies  is  sharp  and  clear.  The  carbon  resulting  from 
the  carbonization  of  this  material  is  quite  remarkable  in  its 
cbaacteristica.  It  is  apparently  entirely  homogeneous  and 
amorphous;  and,  although  the  density  of  the  carbon  appeais 
to  to  very  great,  its  si)ccitic  resistance  is  considerably  higher 
thao  tluii  of  carbons  prepared  from  fibrous  materials,  or  tlioao 
procured  from  inorganic  substances.  Owing  to  the  great  facility 
Tilb  which  very  thin  sheets  can  be  worked,  and  narrow  blanks 
CQlontof  them,  while  still  preserving  great  accuracy  of  mechant- 
\  Cal  work,  conductors  may  be  made  of  enormously  high  resist- 
iiOGc    There  appears  to  be  no  difficulty  in  making  such  con- 
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ductors  oE  three  or  four  thousand  ohms  resistance,  which  snow 
no  uncvenness  of  lieating  whatever  under  the  influence  of  the 
current,  and  in  securing  suiUcient  unifonnity  of  mass  and  re- 
sistance, in  the  diiferent  conductora,  to  dispense  with  subse- 
quent treatment  for  standardizing.  In  appearance  a  carbon 
conductor  made  by  this  process  closely  ix'sembles  a  fine  steel 
spring,  only  the  color  is  a  lustrous  black,  and  its  elasticity  and 
toughness  are  very  remarkable.  Conductors  of  ordinary  size 
may  be  readily  rolled  into  a  spiral,  about  an  ordinary  lead 
pencil,   without    breaking,    and  when    released,  spring    back 
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Fig.  121.  F^.  138. 

immediately  to  their  orij/inal  form.  "With  a  conductor  moun 
in  a  lamp  it  seems  to  be  absolutely  impossible  to  break  it  by 
any  mechanical  shock  or  jar,  even  when  the  globe  is  shaken  so 
as  to  c;»iise  the  carbon  to  touch  first  one  side  of  the  glol>o  and 
then  the  other.  Tlie  extremely  smooth  and  polished  surface 
obtained  appears  to  be  an  important  advantage,  va  it  materially 
reduces  the  attrition  of  any  residual  gases  upon  tlie  sur- 
face of  the  conductor,  and  probably  lessens  the  occlusion  or  ad* 
lierence  of  air  or  gases.  Although  incandescent  lamps,  having 
conductors  made  by  this  method,  have  not  yet  been  for  a  suffi* 
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ciently  long  time  in  use  to  give  precis  results  in  regard  to 
durability,  it  aeoms  probable  that  this  form  oi  carbon  wiH  pn>ve 
far  superior,  iii  this  respect,  to  any  otlier  now  in  use;  and  wo 
consider  tliia  au  important  t^ntribution  to  tbe  development  of 
the  incandescent  syslein,  es^)ecially  if  (as  now  seems  probable) 
economy  of  distribution  from  lai-go  centres  is  to  depend  largely 
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Upon  the  production  of  efficient  lamps  of  higher  resistance  than 
those  now  in  use. 

In  Figfl.  12fi,  127  and  128  are  shown  different  forms  of  safety 
dcvicea  invented  by  Mr.  AVeston.  With  the  nmUiple  arc  sys- 
tem, it  i»  obvious  that  the  di^Jtributiou  of  the  ourieut  among  the 
Imuches  depends  upon  their  relative  resistance.  If  from  any 
Kcideni  one  of  the  hraif '  '  '  '  'lappen  to  be  short  circuited, 
"i  It.  ilil  be  diverted  to  it  from 
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the  main  circuity  and  this  might  be  sufficient  to  dangerously 
heat,  or  even  fuse  the  branch  wire.  A  safety  device,  of  the 
form  shown  in  the  cuts,  is  introduced  in  each  branch,  to  guard 
against  this  danger.  It  consists  of  a  strip  of  easily  fusible 
alloy  introduced  in  the  circuit,  and  arranged  in  convenient  form 
for  renewaL  The  alloy  used  is  a  compound  of  tin,  lead,  cad- 
mium and  bismuth,  and  fuses  at  about  155°  Fahrenheit  The 
strip  is  made  of  sufficient  size  to  convey  the  normal  current 
without  heating  it  to  its  fusing  point ;  but  in  case  of  any  abnor- 
mal flow  of  current,  the  alloy  section  of  the  branch  would,  of 
course,  melt  before  the  copper  wire  became  dangerously  heated, 
if  the  section  of  alloy  were  made  of  equal,  or  even  somewhat 


Fig.  130. 

greater  conductivity  than  the  rest  of  the  circuit  As  the  fusing 
point  of  the  alloy  is  below  the  point  of  ignition  of  any  combus- 
tible, the  drops  of  melted  metal  can  do  no  harm  in  case  the 
safety  device  is  called  into  operation.  These  devices  are  made 
in  various  forms,  some  of  which  are  shown  in  the  cuts,  and  are 
located  at  any  convenient  place  in  the  circuits,  so  as  to  be 
readily  accessible  for  the  renewal  of  the  alloy  strip  when  neces- 
sary. 

In  figure  129  we  show  a  form  of  bracket,  devised  by  Mr. 
Weston,  for  incandescent  lights.     In  figure  130  is  shown  &  sep- 
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aratc  view  of  the  wall  plate  A.  The  wall  plato  is  perroanently 
Attached  to  the  wall,  and  the  circuit  wires  coimected  at  c  and 
tf".  When  the  bracket  is  })laced  on  the  plate,  its  electrical  ter- 
xninals  fonn  contact  with  the  springs  c  and  d,  and  the  wires  pass 
:Cram  ihem  througli  the  fixture  to  the  lamp.  At  c,  in  tlie  wall 
jilate,  is  a  fusible  cul-oit  This  bracket  can  bo  swung  from 
Bide  to  side  without  affecting  the  circuit,  as  the  connections  ore 
xnade  tbrough  the  pivots  upon  which  it  swings.  Mr.  Weston 
lias  also  devised  forms  of  double-swing  brackets,  drop-lights, 
<,diaudel>er3,  aud  various  other  fixtures,  for  both  arc  and  incan- 
descent lights. 

A  plant  has  recently  been  erected  at  St.  Denis,  France,  in 
"^•liich  storage  batteries  are  emplo^'ed  in  connection  with  the 
^fucim  incandescent  and  Weston  arc  lamps. 

The  installation  comprises  10  West<jn  art;  lamps,  run  directly 
firom  a  Weston  dynamo  machine,  and  about  SO  Maxim  incan- 
descent lamjKt,  run  from  Kabath  accumulators,  which  are  charged 
enuring  the  day  time  by  the  same  machine  which  runs  the  arc 
lamps  in  the  evening.  The  works  lighted  are  devoted  princi- 
pally to  the  construction  of  railway  rolling  stock,  and  include 
large  stores  of  seasoned  timber,  saw  mills,  and  paint  shops, 
■which,  more  than  most  otlier  work  shops,  demand  ronstant 
watchfulness  to  avoid  fire.  For  this  reason,  lighting  by  gas  or 
fcy  oil  involves  many  dangers,  while  the  electric  light,  properly 
carried  out,  is  quite  safe.  The  engine  at  the  works  does  not 
develop  more  than  about  60  effective  horeepowcr,  of  which  48 
are  absorbed  by  the  various  machines,  tools,  etc.,  leaving  only 
nbout  12  horse- power  available  for  eleotrio  lighting  purposes. 
This  the  company  desired  to  utilize  to  the  maximum  ;  but  run- 
ning lights  directly  from  the  machine,  it  would  not  sufRc©  for 
mopo  than  about  10  arc  lamps. 

During  four  hours  each  day,  the  Weston  generator  is  em- 
ployed in  charging  80  accumulators  of  the  Kabath  corrugated 
type,  placed  about  250  yards  from  the  generator,  and  connected 
10  it  by  insulated  conductors,  arrange<l  overhead.  These  accu- 
mulators, arranged  in  two  series  of  40  each,  have  suJQQicieat 
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capacity  Ui  sapplj,  Juring  tliu  period  of  liglitingj  eacK  aay 
(ubout  three  hours)  the  cuirent  necessary  for  feeding  SO  Maxim 
incandescent  lamps,  distributed  over  llie  painting  shops  and 
drying  sheds.  The  brushes  of  the  Weston  machine  can  be 
readily  shifted  on  the  commutator,  so  as  to  vary  the  strength 
of  current  within  certain  limits;  but  for  charging  the  accumu- 
lators as  arranged,  it  was  found  necessary  'to  diminish  it  still 
further,  and  to  adopt  an  arrangement  by  which  tho  current 
could  bo  shifted  directly  from  the  lamps  to  the  batteries,  and 
back  again,  witliout  endangering  one  or  the  other.  For  ibis  pur- 
pose, an  iron  wire  resistance  is  introduced   into   the  charging 
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Fig.  131. 


circuit,  so  that  the  electro-motive  force  may  be  diminished,  and 
in  the  same  uiivuit  is  placed  an  automatic  circuit   breaker  t^H 
guard  against  reversal  of  jmlarity  of  the  machine.  ^H 

In  charging  accumulalora  with  a  dyuamo-electrio  machine, 
if  the  counter  electro-motive  force  of  the  accumulators  should 
become  higher  tlian  tlie  eleotro-motive  force  developed  by 
the  generator,  the  accumulators  would  commence  discharging 
through  the  machine,  and  reverse  the  polarity  of  the  field 
magnets.  Tliis  would  be  especially  liable  to  occur,  when 
the  machine  is  started,  and  a  reversal  of  the  charging  current 
would  be  disastrous  to  the  accumulators.       For  the  purpose 


**      yipovcnting  such   back-flow  of  current  from  the  accumu- 

^^■*^o**s,   an   automatic    switch  is  used,   which    o\>en3  Ihe  ilia- 

*^fa«*M«-ging  circuit  in  ca5e   of  any  back-flow  of  current      Fig. 

■*-^X     is  a  diagram,   Bhowing  tlie  general   arrangement  of  the 


taacKine,  arc  lamps,  accumulators,  and  incandescent  lamps.  A 
ia  the  dynamo  nnchiue;  B  li  the  circuit  for  the  arc  lamps, 
wliich  are  indicated  by  11";  Cis  &  galvanometer  j  and  J)  a  two- 
»ay  switch,  botb  of  wliich  are  included  in  tho  main  circuit. 
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During  the  day  time,  the  switch  IJ  ii  set,  so  as  to  connect 
generator  with  the  circuit  ^*£1  which  includes  the  Kabalh 
accumulators  K,  the  resistance  7?,  and  the  automatic  circuit 
breaker  L.  At  night  the  switch  is  set  so  as  to  connect  tho 
generator  directly  with  the  arc  light  circuit.  Tlie  terminals  of 
the  two  series  of  accumulators  are  also  connected  to  tlie  circuit 
Mj  which  includes  the  Jfaxim  incandescent  lamps  Nj  arranged 
in  multiple  arc;  and  a  fourtecn-way  commutator  ij  the  plates 
of  which  are  connected  to  resistance  coils  of  iron  wire,  so  as  to 
permit  the  resistance  of  the  circuit  to  be  gradually  i-educed  as 
the  batteries  run  down,  and  the  etrength  of  the  current  in  the 
incandescent  lamps  to  be  maintained  constant  by  hand  regula- 
tion. The  rcgukting  apparatus  and  circuit  shifting  devices  are 
illustrated  in  Fig.  182. 

The  ten  arc  lamps  are  used  for  lighting  the  saw  mill,  which  is 
496  feet  long,  114  feet  9  inches  wide,  and  68  feet  high.  The 
lamps  are  placed  at  a  height  of  20  feet  from  the  floor,  Tho 
Maxim  incande-scent  lanijts  are  used  for  lighting  the  paint  shop, 
which  is  344  feet  long,  65  feet  9  inches  wide,  and  S9  feet  high. 
The  arrangement  used  for  6up|>orling  these  lamps  is  somewhat 
peculiar,  and  sccma  to  aiTonl  considerable  a<:lvantages  for  the 
purposes  for  which  the  light  is  required.  As  it  ia  necessary  to 
illuminate  the  cars  in  course  of  construction,  and  variably, 
according  to  the  progress  of  tlie  work  upon  them,  it  is  neccssar}' 
1o  be  able  to  shift  the  lamps  at  will,  and  to  place  them  where 
tho  light  is  especially  required.  To  allow  this  to  be  done,  the 
lamps  are  suspended  as  ehown  in  Fig.  133.  Four  parallel  pairs 
of  stout  uninsulated  copper  wires  are  stretched  horizontally 
across  the  room  at  a  convenient  height,  and  the  lamps  are 
mounted  upon  movable  fixtures,  which  rest  upon  these  conduc- 
toni.  The  fixture  for  each  lamp  consists  of  a  piece  of  tubing, 
enclosing  two  insulated  wires  leading  to  the  terminals  of  the 
lamp,  and  terminating  at  the  npper  end  in  two  copper  arms, 
which  ai*o  so  arranged  ns  to  form  contact  with  tho  horizontal 
supporting  wires,  the  whole  fixture  having  the  shape  of  a  greatly 
elongated  T.     These  horizout^l  wires  are  connected   with  the 
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circait  of  tlie  accumulatoni,  so  that  they  form  comluctora  leading 
to  the  diflerent  fixtures  supported  by  them.  Good  contact  be- 
treea  the  horizontal  wires  oiui  the  arms  of  the  fixtures  isiosured 
by  occasionally  rubbing  the  conductors  with  emery  cloth.  With 
thiA  arrangement,  the  lumps  may  be  shifted  at  will  along  the 
kirizcaital  conductors ;  and,  as  these  conductors  are  arrtinged 
bet^reen  the  tracks  on  which  the  cars  stand,  the  lampa  may  be 
placed  in  any  desired  jKDsition  for  properly  lighting  the  work  in 
progress. 

This  plant  has  not  yet  been  in  operation  for  a  suflSoient  time 

U>  furnish  exact  data  as  to  the  cost  of  lighting,  arid  the  udvan* 

tages  it  offers,   in   point  ot  economy,  as  ooiiiparcd   witli   gaa 

lighting  of  eq^ual  intensity.     Certain  information  on  this  point, 

though  somewhat  hypothetical,  is  available ;  but  it  ia  clear  that 

ibe  sjrsiem  Is  greatly  superior  to  ligiitiug  by  gas  as  regards  sccu* 

rity  from  fire,  a  matter  of  very  great  importance  in  a  factory 

ooiitaining  large  quantities  of  inflammable  material. 

As  we  have  already  stated,  tlie  power  available  for  lighting 
purposes  does  not  exceed  12  horse-jwwer,  and  in  this  case  it 
wtB  practically  nothing,  the  additional  work  of  driving  the 
geoerator  adding  nothing  to  the  men's  wages,  and  nothing 
Appreciable  to  the  cost  of  fuel,  which  consists  almost  wholly  of 
»ood  rubbish.  A.  workman  who  is  paid  $1.20  per  day  has 
clarge  of  the  plant ;  but,  as  only  about  half  his  lime  is  occupie<l 
on  this  work,  the  item  of  attendance  may  bo  put  down  at  60 
wovi  per  day.  The  Weston  arc  lamps  each  use  two  carbons, 
•48  of  an  inch  in  diameter,  one  19  inches  long  and  the  other  8 
itches,  which  lust  during  six  hours'  burning.  These  carbons 
Wfit  11  cents  per  foot,  and  the  hourly  expense  for  carbons  ia 
•ccordiogly  about  four  cents  for  each  lamp,  or  about  $1.20  for 
li«  10  lamps  for  three  hours,  including  waste.  The  Maxim 
llanps  coet  $1.94  each,  and  last  for  about  1,000  hours ;  equiva- 
lent to  an  expense  for  renewals,  of  two  mills  per  hour  |>er  Imnp, 
.  or  18  cents  for  the  80  lamps,  running  three  hours  per  day.  This 
Art  of  the  lighting  will,  therefore,  cost  as  follows : 
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Attendance $0.60 

Carbons 1.20 

RencwaU  of  Maxim  lamps. 18 

Total $1.98 

TlieoOBt  of  tlio  ftcidulatetl  water  used  in  the  accumulatore, 
contains  ten  jjer  cent,  of  siilplinric  ncul,  is  insignificant 
>  cost  of  the  in.stallation  was  $3,^00,  nntl  Uiking  inlerest  at 
Spercent-,  and  depreciation  at  5  per  cent,  about  66  cents  per 
r  would  have  to  be  added  for  these  items,  bringing  up  the 
ol  cost  to  $2.54.     It  should  be  borne  in  mind,  however,  that 
I  illowance  is  made  in  this  case  for  the  cost  of  power,  as  these 
^ires  are  based  on  the  assumption  that  the  power  costs  nothing. 
hile  it  ia  certain  that  tlio  Weston  machine  is  so  well  de- 
signed and  constructed  that  its  wear  is  of  very  small  moment, 
ihe  sum   allowed   for  repairs  of  the  accumulators  is,  in  the 
absolute  data,  a.s  low  as  can  be  safely  iissumcL     It  should  be 
mentioned,  however,  that  Xfr.  de  KahaJh  undertakes  to  replace 
the  batteries  for  nothing  as  they  are  worn  out,  relying  upon 
nafciog  a  profit  on  the  sulphate  of  lead  produced.     Assuming 
thatftll  the  running  expenses  do  not  exceed  the  above  figure,  a 
light  equal  to  1.000  cai-ccls  is  obtained  from  the  Weston  arc 
lampi^,  and  of  90  carcels  from  the  Maxim  incandescent  liunps. 
The  coal  of  gas,  to  produce  the  same  amount  of  light,  at  Paris, 
would  be  altout  $3.54  an  hour. 

In  an  installation  of  the  kind  we  have  describe<l,  and  a!«um- 
ing  that  the  power  costs  nothing,  it  is  not  necessary  that  the 
iIoretiOD  of  lighting  should  be  nearly  1,000  hours  per  annum, 

kto  make  the  comparison  of  cost  favorable  to  lighting  by  elec- 
Icicity.  Down  to  220  hours  per  annum  there  is  a  saving  in 
pbg  clectrio  light,  over  Paris  gas,  and  at  that  point  the  charges 
for  the  two  arc  equal. 

The  arrangement  adopted  in  this  plant  can  proKably  be 
greatly  improved  in  tho  erection  of  other  plants  of  the  same 
t^rpe.     The  use  of  the  resistances,  either  in  the  charging  circuit 
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or  for  rpgalating  the  diitoljarge  of  the  accumulators,  is  not  to  be 
commended  J  and  much  better  results  would  be  produccl,  by 
using  a  larger  number  of  accumulatore  and  grouping  them  dif- 
ferently, so  as  to  utilize  the  entire  charging  current  and  by 
r^ulating  the  discharge  of  the  accumulators  by  varying  the 
number  of  cells.  It  is  only  fair  to  say,  however,  that  Sir. 
Fapquhar,  the  engineer  vlio  had  charge  of  erecting  the  plant, 
Bought  to  secure  simplicity  first  of  all,  and  he  has  succeeded 
very  well.  With  additions  to  the  number  of  iacandescent 
lamps  and  accumulators,  better  results  will  be  obtained. 


THE   SWAN   INCANDESCENT   LAMP. 

Mr.  J.  W.  Swan,  of  Newcastle  on-Tyne,  England,  has  dis- 
covered a  method  of  preparing  from  cotton -thread  very  attenu- 
ated filaments  of  carbon   of  tho  tenacity   requisite  for  their 


sufficiently  prolonged  stability  and  endurance  when  employed 
as  an  incandescent  lamp.  These  extremely  thin  carbons  are 
perfectly  homogeneous  throughout,  and  are  bo  far  from  l»cconi- 
ing  damaged  by  use  that  the  c^ect  is  to  a  certain  ejLtent  an 
increase  of  their  solidity  and  elasticity. 

We  represent,  in  Fig.  134,  a  Swan  lamp  with  its  mounting 
shown  at  the  Pahs  Electrical  Exhibition,  wliich  allows  of  its 
very  easy  introduction  into  tlie  bracket  or  chandelier  which  is 
to  supjMirt  it.  It  ci:»isisis  of  a  ghisa  sphere,  into  which  are  intro- 
duced two  platinum  carbon -holders  having  clasps  and  pressure 
ring  pretrlsely  like  jtorle-crayons  that  were  onoe  in  use.  The 
carbon  iilamcnt,  which  is  much  larger  at  its  extremities,  that  are 
grasjHHl  by  tho  holder,  is  bent  into  a  tlat  helix  in  such  a  way  as 
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jfom  a  ring  ia  tlie  middle  of  tlie  sphere  and  to  accumulate  at 
the  centre  of  the  latter  a  greater  quantity  of  light 

The  preparation  of  tltese  carbon  Elaments  is  a  little  different 
from  that  of  the  Kdison  carbons.  They  are  niado  of  tlireada  or 
taBcsof  cotton  about  4  inches  in  length,  whose  extremities  are 
eolaiged  by  a  local  winding  of  the  material.  These  threads  are 
dipped  into  sulphuric  acid  diluted  with  water,  in  the  proportion 
of  two  parts  of  the  fonner  to  one  of  the  latter — the  result  of  this 
operation  being  to  parchment  them.  Under  such  conditions, 
and  after  a  certain  length  of  time,  tho  thrcadfl  become  consistent 
aini  as  bard  as  parchment  They  are  then  introduced  into 
povdered  carbon  contained  in  an  earthen  ve&sel,  which  is  after- 
wards hermetically  closed  and  submitted  to  a  red  heat  for  a 
certain  length  of  time.  After  this  they  are  placed  iu  the  lamps, 
and,  when  a  vacuum  has  been  created  m  tlie  latter  by  meaufi  of 
tiie  Sprengol  pump,  the  precaution  is  taken  to  bring  them  elec- 
trically to  incandescence,  so  as  to  eliminate  all  the  gases  which 
niight  possibly  exist  in  their  pores.  After  tliis  operaUon, 
which  may  take  half  an  hour,  the  filament  has  become  very 
hard,  anil  at  the  same  time  denser  and  smaller.  It  is  in  this 
atate  that  it  becomes  suitable  for  application.  The  resistance  of 
Aeaefilaments  varies  between  30  and  100  ohms,  and  the  light 
that  ihey  emit  under  ordinary  conditions  varies,  according  to 
^-  Swan,  between  12  and  25  candles.  In  order  to  avoid 
calorific  effects  at  the  points  where  the  carbon- holders  ai'e  sol- 
(^lin  tlie  glass,  the  holders  are  mode  to  advance  into  tho 
globes  for  some  little  di.stance,  and  are  held  by  a  glass  cross- 
piece.  The  platinum  wires  to  wliich  they  are  soldered  coiu- 
niunicato  with  two  flat  springs  (as  seen  in  Fig.  134)ontlio  two 
Bideaof  tlie  mounting,  and  in  order  to  introduce  tho  lamp  into 
ite  support,  or  to  remove  it,  it  is  only  necessai-y  to  press  on  these 
springs  and  afterwai-ds  release  them ;  the  electrical  oommunica- 
tioia  are  established  by  this  sole  act 

Fig.  133  shows  tho  way  in  which  Mr.  Swan  has  adapted 
his  lamp  to  a  portable  support  fonuing  a  chandelier,  and  Fig. 
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186  represents  tlie  bottom  of  tlic  chandelier,  and  permits  of  tlie 
eJectric  communications  being  seciu 

Fig.  137  shows  Mr.  Swan's  lamp  for  lighting  the  galleries  of 
DinesL 

At  a  meeting  of  the  Society  of  Telegraph  Engineers,  in  Lon- 
don, November  24, 1880,  Mr.  Swan  gave  the  following  interesting 
Moount  of  the  origin  of  his  lamp : 

Electric  lighting  by  means  of  the  arc,  and  by  the  incandee- 
cecce  of  thin  abutting  carbon  Tod.%  has  recently  been  dUcussed 
in  an  exliaustivc  manner  at  two  of  your  meetings.  The  one 
other  loode  of  electric  lighting  besides  the  two  I  have  men- 


J 
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tioned,  namely,  by  the  white  heat  of  a  continuous  conductor, 
'fas  hareiy  gUmcetl  at  in  these  discussions.  Tills  melhcxl  of 
^^cctric  hghling  is,  however,  thuoreiically  so  goocl,  that,  suppos- 
*''8  tbe  practical  difficulties  which  eurromid  it  can  be  eur- 
'^'Oonted,  it  instantly  assmnes  a.  position  of  iniporUmoe  far 
*00ve  that  of  the  methods  upon  which  you  have  so  recently 
Stowed  exclusive  attention. 

Everybody  in  tlie  leapt  iicqnninte<i  with  the  subject  knows, 
•^it  if  we  exclude  from  consideration  this  last  named  mctliod, 
^^Slitiog  by  means  of  electricity  has  nn  extremely  limited  range 
^i  application. 
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Electric  light,  as  produced  by  the  arCf  in  foci  of  great 
nofiity,  is  unquestionably  an  economicnl  light  when  cone 
tion  of  light  is  advantageous,  but  even  then,  the  mecl 
nocessary  to  countemct  its  tendencjy  to  vary  in  power,  thi 
which  is  apt  to  accompany  it,  the  trouble  and  cost  of  1 
placement  of  the  carbons,  are  inherent  defects  of  such  i 
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impossible  by  that  means  to  produce  economically  sacli  &  small 
Quit  of  light  as  in  nine  cases  out  of  ten,  or  even  in  ninety -nine 
cases  out  of  a  hundred,  ia  required  for  practical  use.  The  mo- 
ment jou  attempt  to  produce  a  small  arc  light  you  sacrifice 
its  chief  redeeming  quality,  namely,  its  economy. 

Id  those  cases  where  the  arc  light  on  a  large  scale  for  light- 
ing large  Bpaces  is  not  inapplicable,  much  of  the  economy  of 
tlic  li^'ht,  considered  merely  with  reference  to  its  aggregate 
amount,  is  lost  hy  the  diminished  power  of  the  light  at  the  ex- 
treme mai^n  of  the  area  of  illumination. 

It  is  Bot  so  much  the  power  of  the  light  at  its  focus  that  has 
in  must  cases  to  be  conaidered,  as  the  amount  of  light  at  the 
1<W  illuminated  points  of  the  space  illuminate^L  Just  as  we 
ay  the  strength  of  a  chain  is  its  weakest  link,  so  we  may  as 
tndj  say,  that  where  the  genend  illumination  of  a  certain  area 
is  in  question,  the  value  of  a  particular  mode  of  lighting  must 
U  Dieasure<l  by  the  amount  of  light  at  the  points  of  least 
iiiamination.  Whether  we  agree  or  not  as  to  the  ratio  of  loss 
h  labdividing  the  arc  light,  I  am  certain  that  the  opinion  I 
li*Te  already  expressed  will  not  seriously  bo  contested  by  any 
ooetere,  Darnel}',  that  when  von  come  below  a  rather  lai^e  unit 
of  light,  you  cannot  subdivide  the  arc  without  great  loss. 
Inking  at  the  matter  from  tliis  point  of  view,  it  appears  to  mo 
l^ttiieonly  direction  in  which  we  can  move  with  any  chance 
of  fiohatantial  progress  toward  the  making  electric  illumination 
genenlly  applicable,  is  the  direction  I  have  taken,  namely,  that 
*>(  abandoning  the  arc  altogether,  and  going  to  incandescence 
pure  and  simple.  On  the  principle  of  incandescence,  and  on 
'luu  principle  alone,  you  can  produce  with  economy  such  a 
fimall  onit  of  light  as  is  required  for  domestic  use  and  general 
parposea  On  the  principle  of  incandescence  alone,  can  you 
economically  divide  electric  light,  and  on  that  principle  you  can 
<iivido  it  indefinitely.  By  means  of  incandescence  it  is  possible 
to  produce  a  single  light,  say  of  100  candle  power;  and  with 
precisely  the  same  expenditure  of  energy,  the  same  aggregate 
amooot  of  light  may  be  produced  in,  say  ten  separate  places. 
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Being  in  your  meeting-room  at  Broad  Sanctuary  with  a  h\ 
minutes  on  my  hands,  I  took  the  liberty  of  taking  a  volum^^ 
from  one  of  the  shelves  of  your  most  excellent  library ;  it  wa 
tlie  first  volume  ot  Faraday's  Experimental  Researches  in  Elec- 
tricity.    I  first  turned  to  the  index  and  then  to  page  250,  and 
there  I  read  this:     "Tho  same  quantity  of  electricity  whicb, 
passed  in  a  given  time,  can  heat  one  inch  of  platinum  wire,  of  a 
certain  diameter,  red  hot,  can  also  hoat  a  hundred,  a  thousand, 
or  any  length  of  the  same  wire  to  the  same  degree,  provided  the 
cooling  circumstances  are  the  same  for  every  part  in  all  casea" 

Speaking,  as  I  do,  to  electrical  engineers,  who  have  the  bear- 
ings of  Obm's  law  at  tbcir  finger  ends,  it  is  not  necessary  to 
elaborate  this  point  You,  of  oourse,  all  recognize  the  fact  that 
a  specific  degree  of  incandescence  produced  in  a  certain  wire  by 
the  tmnsmission  of  an  electric  current  is  indiuative  of  a  specific 
current  How,  and  whether  a  short  piece  of  tlie  wire  ia  heated  to 
the  supposed  degree,  or  a  long  piece,  the  same  current  flow  will 
be  required  in  both  cases;  and,  other  circumstances  being  alike^ 
whetlier  one  inch  is  heated,  ot  one  hundred  inches,  the  only 
condition  necessary  to  be  observed  in  order  to  the  maintenance 
of  a  constant  current,  and  consequent  constancy  of  incandescence 
in  the  wire,  is  variation  of  the  electro-motive  force  exactly  m 
the  length  of  the  wire  varies. 

I  may  therefore  say,  in  strict  accordance  with  theory,  that  the 
indefinite  division  of  electric  light  produced  on  the  principle  of 
the  incandescence  of  a  resisting  and  refractory  conductor  is  un- 
attended with  loss.  Tho  only  question  is,  the  all-important  one 
of  the  practical  realization  of  that  which  theory  says  is  p(jssible. 

It  is  undeniable  that  great  practical  difficulties  attend  the 
economical  application  of  the  principle  of  incandescence. 
Platinum,  iridioplatinuuif  and  carbon  are  the  chief  sulistaucea 
available  for  producing  light  on  this  principle  with  which 
atiempla  have  been  made.  The  diflioulty  with  platinum  and 
with  iridio-platinum  is,  that  they  fuse  or  break  before  they  attjun 
a  temperature  of  economical  incandescence ;  and  when  it  ia  re- 
membered that  after  a  certain  degree  of  incandescence  is  attained, 
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inoreaw  of  current  produces  mtich  more  than  a  corresponding 

increflse  of  ligbt,  it  will  be  evideui  that  it  is  vital  to  the  economy 

of  this  mode  of  lighting  to  bo  ablets  beat  the  incandescent  body 

to  a  Tery  high  degree.     Mr.  Edison  has  stated  that  by  frequently 

Seating  and  cooliog  a  platinum  wire  in  vacuo,  it  sustains  a  very 

much  liighcr  temperature  without  fusion  (|>erhap3  it  would  be 

more  strictly  accurate  to  say,  without  rupture)  than  when  not  so 

Iroatcd    Notwithstanding  this  improvement  in  the  adaptation 

ol  platinum  to  incandescence  lamjKs,  and  notwithstamling  also 

Bome  rery  ingenious  contrivances  to  guard  against  fusion  of  the 

irire,  I  think,  perhaps,  one  is  warranted  in  the  assumption,  that 

thetbuidonmcnt  of  this  form  of  lamp,  and  ihd  taking  up  with 

oirboa  instead  of  platinum,  ia  an  acknowledgment  of  its  noa 
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Carbon  has  been  more  attntctive  to  experimenters  in  this  tlald 
of  research  than  platinum,  and  a  much  more  tangible  result  has 
becB  ittftined  by  its  mediation. 

Since  184)5,  when  King  proposed  to  produce  electric  light  by 
QusDaof  a  continuous  carbon  conductor  intensely  lieatcd  by  the 
p»sa^  of  a  current  of  electricity,  there  liave  been  numerous 
lUtempts  to  realise  a  useful  form  of  electric  light  by  means  of 
vhiie-hot  carbon. 

It  is  needless  to  say  that,  in  orler  to  make  the  carbon  in  an 
ioca&desccnt  lamp  give  forth  a  useful  amount  of  light,  it  must 
be  made  very  hot,  so  hot  that  it  would  immediately  burn  if  there 
Vfireair  present.  There  are  lamps,  generally  called  incandes- 
cence lamps,  in  which  no  precaution  ia  taken  to  prevent  com- 
buBtion;  such  are  the  Wenlermann^  Reynier,  and  Andre  lamps. 
Tlieae  lamps  ought  not  to  bo  classed  as  incandescence  lamps  ia 
llie  sense  in  which  alone  I  use  that  tcrni^  viz.,  to  describe  lamps 
in  irhich  there  is  white  heat  without  combustion-  No  extensive 
economical  eubdiviaioo  of  tho  light  by  lamps  in  which  there  is 
oombostion  is  to  be  hoped  foK  The  true  incandescence  lamps 
prevent  tho  combustion  of  the  carbon  in  one  of  two  ways,  either 
by  the  entire  exhaustion  of  the  air  from  the  chamber  in  which 
the  heated  carbon  is  placed,  or  by  the  £1Uug  of  the  chamber 
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with  an  inert  gas,  such  as  nitrogen.  Both  these  expedients  were 
tried  by  the  early  experimenters,  and  both  have  still  their  advo- 
cates. 

Many  of  the  older  attempts  to  utilize  carbon  as  the  medium  ot 
incandescence,  for  a  time,  appeared  to  be  successful ;  but  even- 
tually they  disappointed  the  hopes  they  had  raised  a^  the  out^L 
They  failed  from  three  causes,  any  one  of  which  was  sufficient 
to  cause  failure.  First,  the  carbons  employed  were  so  thick  as 
to  require  a  large  current  to  produce  the  required  temperature 
in  them,  and  consequently  the  light  was  not  economical;  seooad, 
the  carbons  were  not  durable;  and,  third,  the  lamp  glass 
speedily  became  obscured.  It  is  long  since  I  attempted  to 
grapple  with  the  first  of  these  difficulties. 

As  a  matter  of  history,  I  will  briefly  describo  an  experiment 
which  I  tried  about  20  years  agow  I  had  a  number  of  pieces  of 
paper  and  card  of  various  forms  and  sizes  buried  in  charcoal  in 
a  crucible.  This  crucible  I  sent  to  be  heated  white-hot  in  one 
of  the  pottery  kilns  belonging  to  Mr.  Wallace,  of  Forth  Banks, 
Newcastle.  From  the  pieces  of  carbonized  card  which  I  thus 
obtained,  I  select^Ml  a  long  spiral ;  tlie  ends  of  this  I  clipijed 
between  small  blocks  of  carbon  carried  by  uprights  and  con- 
nected with  conducting  wires.  A  small  glass  shailc  was 
cemented  over  this  mounted  carbon  spiral,  and  the  air  was  ex- 
hausted by  means  of  a  very  good  air-pump.  A  good  vacuum 
(according  to  the  ideas  that  then  prevailed)  having  been  pro- 
duced, I  applied  the  wires  of  my  battery  (consisting  of  10  ocUb 
of  Callana  mollification  of  Grove's  battery),  with  great  expects- 
tion  of  a  brilliant  result;  instead  of  this  there  was  the  most 
absolute  negative  presented  to  me ;  not  a  Tcstige  of  lieat  or  light 
appeared  in  my  long  ringlet  of  carbonized  paper.  It  was  evi- 
dent, and  I  immediately  recognized  the  fact,  that  the  electric 
current  of  the  strength  I  was  using  would  not  go  in  aufltcient 
quantity  through  so  long  a  piece  of  carbon  as  I  had  taken.  I 
therefore  repeated  the  exi»riment  with  shorter  carbon  and  a 
greater  number  of  cells,  and  I  obtained,  under  these  altered  cir- 
cumstances, an  extremely  interesting  result. 
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Mr  carbon  was  ia  the  ionn  of  aa  arcU  about  one  inch  in 
beigbt  and  width,  and  tlie  atrip  ffjrming  the  arch  a  quarter  of  an 
vxk  broad.  The  ends  of  tbo  arch  were  held  in  small  clamps, 
with  square  blocks  of  carbon. 

The  air  pump  having  been  worked,  I  had  the  pleasure  of 
seeing  that  when  contact  with  the  battery  of  40  or  60  cells  was 
winpleted,  my  carboniKed  pajjer  arch  became  red  hot,  and  it 
■kseridnnt  Uiat  nothing  more  was  wanted  than  a  still  stronger 
wit  to  make  it  g^ve  out  a  brilliant  light;  but  I  ha<l  used 
all  the  battery  power  at  my  disposal,  and  having  reached  this 
limit,  I  contented,  m^'self  will»  watclilng  the  behavior  of  the 
areli,  the  engrossing  question  being — how  lung  will  it  endure? 
I  noticed  that  the  inner  part  of  tho  arch  was  hotter  than  the 
ooterpart,  and  that,  perhajis  in  consequence  of  this,  the  arcli 
became  bent  on  one  side.  This  bending  gradually  increased, 
unltl  at  last  the  arch  had  so  far  curled  down  that  the  top  was 
on  a  level  with  the  clamps,  and  on  coming  in  contact  with  the 
Bole  of  tho  lamp  it  broke  in  two,  and  the  experiment  collapsed. 
That,  I  confidently  believe,  was  tlic  very  first  instance  in 
which  carbonized  paper  was  ever  used  in  the  construction  of  an 
iocaDdeeccnt  carbon  lamp.  I  am  now  speaking  of  twenty 
ywreago,  and  at  that  time  the  voltaic  battery  was  the  cheapest 
wttTceof  electricity  known,  and  the  means  of  producing  high 
vacua  wcro  very  much  less  perfect  than  they  are  now. 

Haid  my  electric  experiments  aside  until  almut  three  years 
8go,  when  two  things  concurred  to  lead  me  to  pursue  the  subject 
nfrerfi.  The  discovery  of  the  dynamo-electric  machine  had  en- 
tirely altered  the  position  of  the  question  of  ele<;tric  lighting, 
slufting  it  out  of  the  region  of  things  scientifically  interesting 
into  that  of  things  practically  useful  The  Spreugel  air-pump, 
too,  had  been  invented,  and  with  its  invention  wo  had  been  pro- 
Tided  with  a  means  of  producing  much  higher  vacua  than  could 
be  produced  by  tho  old  form  of  air-pump.  Mr.  Crook's  radio- 
meter experiments  had  shown  us  what  a  really  high  vacuum 
yrta,  and  how  to  produce  it.  Mr.  Steam,  of  Birkenhead,  an 
vdent  sciontilic  amateur,  was  so  attracted  by  the  extraordinary 
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resulta  Mr.  Crookes  had  obtained  by  means  of  higli  vacua,  as  to 
go  with  great  eothusiaam  into  the  same  line  of  experiment,  and 
he  soon  ao^uired  such  a  knowledge  of  the  Sprengel  pump,  and 
such  expertness  in  its  manipulation,  as  perhaps  was  only 
equalled  by  Mr.  Crookes  himselt  I  had  the  good  fortune  to 
make  Mr.  Steam's  acquaintance,  and  that  was  the  other  one  of 
the  determining  causes  of  my  second  attempt  to  solve  tlie  prob- 
lem of  electric  lighting  by  the  incaudescence  of  carbon,  for  i 
is  to  the  invention  uf  the  S})rengel  pump  und'to  the  mat; 
admirable  lessons  in  the  use  of  it  which  Mr.  Crookes  has  giv< 
us  that  we  are  indebted  for  the  means  we  now  poesesa  of  at 
ing  to  the  condition  essential  to  the  successful  emplojrmcnt,  i^ 
electric  lamps,  of  tliin  strips  or  filaments  of  carbon. 

But  if  the  employment  of  carbonized  paper  got  rid  of  the 
diflicidty  as  to  the  waste  of  current  due  to  the  thickness  of  the 
carbon,  there  still  remained  the  other  two  diilicullies,  viz.,  the 
tendency  of  the  carbon  to  disintegrate  and  break  and  the  obscu- 
ration of  the  globe.  How  formidable  those  diOicultles  njv.  i 
be  judged  of  by  the  following  extract  from  Fontaine's  i 
known  treatise  on  electric  lighting,  in  which  he  gives  us 
resaltB  of  his  experiments  in  the  production  of  light  by  inc 
descence. 

At  page  180  this  passage  occurs  :  *'  Attentive  examination  of 
incandescent  carbons  through  a  strongly  colored  glass  boa 
ahown  thui  they  are  not  uniformly  brilliant ;  they  present  obscure 
(i}>ots,  indicative  of  non-homogenei^  and  the  position  of  cracks, 
which  rapidly  disintegrate  the  carbon.  The  vacuum  oevi 
being  perfect  in  the  receivers,  the  first  carbon  is  in  greater 
ooiununcd.  It  would  appear  that  consequently  upon  the  litt 
oxygen  contained  in  the  lamp  being  tranafonncd  into  carboi: 
acid  and  carbonic  oxide,  the  carbon  should  be  preser^'cd  indeSn 
ilcly  ;  but  there  is  then  produced  a  kind  of  evaporation  whi<i 
rontinuca  to  slowly  destroy  the  incandescent  rods.  Ttii 
tivB|M>rtttion  is,  lK!sides,  clearly  jir^jved  by  a  pi  ' 
of  Aublimod  carbon  that  we  have  found  on  the  i 
the  M]»  on  the  several  interior  pan^  rods,  contacts, 
mrr?,  &c." 
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It  never  seemed  to  me  conclusively  proved  that  M.  Fontaine's 
ihemy  of  the  hn*ukiug  of  the  carbons  and  the  obscuration  of  tlie 
^Iwe  was  correct,  und  I  did  not  uccejil  it  I  remembered,  for 
nataDCe,  how  impoasible  Mr.  Crookca  had  fonnd  it  to  produce  a 
really  high  vacuum  in  vessels  witli  hited  joints,  and  T  knew  how 
commoulj  luted  screw  joints  had  been  used  in  the  littiugs  of 
ificondesceut  lampsL  I  knew  too  thnt  the  common  air-pump  had 
generally  been  employed  as  the  means  of  exhausting  the  air. 
Tben,  too,  the  motle  of  attachment  of  the  carbou  to  the  conduct- 
ors conveying  the  current  to  it  had  been  such  us  must  inevitably 
lad  to  excessive  loca^  heating,  and  even  to  the  occurrence  of 
disruptive  discharge  about  the  points  of  attachment 

Watching  the  course  of  events  in  relation  to  electric  lighting 
experiments,  and  observing  the  very  imperfect  conditions  under 
which  generally  those  experiments  were  conducted — and  that 
^jII  advantage  had  not  been  taken  of  the  new  powers  which  the 
prcgreas  of  scientific  research  bad  placed  within  our  reach — I 
tlrwreani  ago  returned  to  the  quest  with  the  distinct  purpose 
of  finding  whether  or  not  carbon  made  from  carboni/^d  card, 
Hd  carbonized  paper,  wore  durable  in  a  really  high  vacuum, 
HU^aaMr.  Crookes  had  employed  in  his  experimeutH  on  the 
radiometer.  This  time  I  had,  as  I  have  nocnlioncd,  the  great 
idvan'tage  of  the  assistance  of  Mr.  Steam,  of  Birkenhead,  who  in 
addition  to  being  exceedingly  expert  in  the  manipulation  of  the 
Spreogel  air-pump,  is  an  admirable  oxporimentidist  generally. 
Sifloe  then  experimenta  without  number  have  been  made  by  us 
*iih  the  view  of  surmounting  the  various  practical  difficulties 
of  wLit:h  1  have  spoken,  chiefly  the  breaking  of  the  carbons 
*bcD  made  highly  ineandesoent,  and  the  blackening  of  the 
globes.  Tolerably  good  results  were  obtained!  with  carbonized 
pflperand  carbonized  card-board,  but  latterly  I  have  found  a 
fliaterial  (a  form  of  carbon)  which  is  very  much  better  suited  to 
thifparpose.  With  this  new  material  the  lamps  which  I  am 
about  to  exhibit  to-night  are  fitte<l. 
^_      Here  is  one  of  my  carbons.    It  is,  you  will  observe,  an  ex- 
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weighs  ftbout  tlie  .02  of  a  grain  to  tho  inch.  It  is  both  liard  and 
elastic,  so  much  so,  ns  more  to  resemble  a  line  steel  wire  than 
carbon.  Its  hardaess  and  uon-combostibUity  increase  with 
lengthened  use.  After  being  used  some  time  it  becomes  so 
difficult  of  combustion  as  to  bear  heating  in  a  blowpipe  flame 
for  a  considerable  time  before  it  burns  away. 

1  am  able  to  shape  this  carbon  wire  into  circles  or  spiraU  or 
almnst  any  form,  and  to  thicken  the  ends  so  as  to  make  a  good 
and  extcuaivc  contact  with  the  holding  sockets.  A  current  of 
less  than  a  Weber  going  through  this  carbon  wire  raises  it  to  a 
state  of  brilliant  incandescence,  and  if  the  current  much  ex* 
ceeds  that  amount  then  the  light  becomes  splendid.  I  have  not 
yet  tlnally  ascertained  what  is  the  greatest  amount  of  light  that, 
with  sufficient  regard  to  durability,  can  be  obtained  by  means  of 
one  of  those  spirals  of  not  more  than  onc-tcnth  of  an  inch  total 
superficial  area.  I  have  taken  a  few  photometric  measurementR, 
60  candle-power  from  one  lamp  being  the  greatest  amount  of 
light  actually  measured ;  that  degree  of  luminosity  was  pro- 
duced with  about  one  Weber  of  current,  and  100  volts  KM.F. 
I  have  seen  at  least  double  this  light  from  each  lamp.  At  Sir 
William  Armstrong's,  at  Cragaide,  there  were  sixteen  lamps 
hanging  iu  the  picture  gallery.  The  current  from  a  large  Siemens 
machine  was  divided  between  these  and  a  resistance  coiL  Fox 
a  minute  or  two  the  resistance  coil  was  cut  out  by  short  circoit- 
ing,  then  the  short  circuit  contact  was  broken  and  the  resistance 
coil  left  out,  so  that  the  full  current  from  tlie  generator,  the 
potential  raised  to  a  very  high  degree  by  the  short  circuiting, 
rushed  in  a  torrent  through  the  .sixteen  lamps;  there  then 
occurred  the  most  glorious  outburst  of  light  I  ever  beheld.  l\ 
was  truly  splendid !  It  lasted  I  should  say  full  five  minutes, 
and  then  subsided  to  normal  brilliance. 

The  economy  of  this  method  of  producing  electric  light  by 
the  incandescence  of  carbon  in  vacuo  is  limited  by  tlie  capacity 
of  the  slender  conductor  to  endure  the  enormously  high  temper- 
ature corresponding  to  an  extreme  degree  of  incandescence:  It 
is  ccrtmn  that  the  carbons  are  more  durable  when  heated  to  a 
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moderate  degree  than  when  their  temperature  is  pushol  to  an 
extremely  high  point.  It  is,  therefore,  still  an  open  question 
what  is  the  most  light  that  can  be  practically  obtained  by  means 
of  such  lamps.  We  do  hov^ever  know  this,  that  a  well  made 
Uinip  of  this  size  will  endure  for  several  months  if  it  be  not 
pressed  to  give  more  than  the  light  of  30  staudun.1  cundleH.  It 
is  quite  likely  when  the  manufacture  Ib  imppovcd*  as  it  will  be 
by  practice,  that  twice  this  amount  of  light  may  be  exacted  witb- 
oat  too  much  limiting  its  durability. 

TIm  vacuum  in  the  lamps  is  very  high— in  fact  it  is  carried  to 
tliAtpoiulat  which  it  is  practically  uou-conducting. 

The  lamps  which  are  hung  about  the  theatre  are  arranged  in 
parallel  are.  I  liave  elsewhere  expressed  the  opinion,  that  with 
the  lamps  so  arranged  the  current  cannot  be  economically  sup- 

»    l>li»l  at  a  great  distance  fi"om  the  generator:  to  accomplish  that 
tndand  render  it  feasible  for  current  supply  to  be  sent  from  a 
centre  over  a  wide  area,  as  gas  through  mains,  it  will,  I  think, 
be  necessary  to  use  a  very  hit»h  eleotrt>motive  forceand  arrange 
the  lamps  in  series.     The  difficulties  which  are  incident  to  that 
method  are,  I  hope,  not  insuperable;  extinction  of  a   Hue  of 
/amps,  from  the  failure  of  one  of  the  larni>s  of  the  series,  could 
he  guarded  against  by  a  very  simple  form  of  automatic  by-way, 
and  the  potential  of  the  current  could  be  made  to  rise  or  fall 
correspondingly  witli  a  variation  of  the  resistance,  and  so  as  to 
maintain  a  constant  current,  however  few   or  however    many 
lamps  were  lighted. 

The  resistance  of  the  lamps  obviously  depen<l3  on  the  length 
and  thickness  of  the  carlwn  wire.  Those  I  have  spoken  of  as 
emitting,  when  moderately  heated,  a  light  equal  Ut  SO  standard 
candles,  have  a  resistance  of  abont  100  ohms  when  cold.  I 
have  maile  them  of  twice  that  resistance,  but  even  tlicn  it  would 
be  impossible  to  feed  at  a  distance  a  large  group  of  lamps  ar- 
ranged in  parallel  arc  with  a  small  condutTting  wire. 

I  have  said  nothing  about  cost,  beyond  giving  you  one  or  two 
facta,  which  will  uffonl  you  the  basis  of  an  approximately  correct 
computaUon,  and  from  which  it  will  appear  that  while,  by  the 
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incauduaooricc  of  thin  conductors  of  carbon,  a  certain  curretitdoea 
not  give  HO  large  a  return  in  light  as  when  employed  to  produce 
the  electric  arc  between  carbon  points  on  a  large  scale,  yet  the 
amount  of  light  developed  by  a  given  cxj^endittire  of  power  ia 
amply  suiHcieiit  to  warrant  thosUtteinentthatit  is  an  economical 
Bourec  of  light. 

The  most  recent  form  of  the  Swan  lamp  is  shown  in  Fig.  138. 
The  exterior  of  the  lamp  is  entirely  of  glass.  The  wires  which 
hold  the  enda  of  the  carbon,  and  are  fused  into  the  glass,  are 


*e-- 
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bent  into  hooka  for  engagement  with  other  hooka  forming  the 
terminaU  of  the  circuit  wires,  the  lamp  being  pressed  downward, 
so  as  to  bring  the  hooks  into  engagement  by  the  Bpiral  spring 
into  which  its  neck  is  inserted. 

The  lamp  cunuection  is  shown  in  Fig.  139,  and  is  simply  an 
ebonite  stud  with  a  plug  screw  for  attachment  to  a  gas  bracket 
or  other  support  On  each  side  of  the  stud  are  two  small 
platinum  hooka  projecting  downwards. 

Figs.  140  and  141  show  the  Swan  lamp  complete,  and  readv 


flB8  TUB  SLEOTBia  UOHT. 

to  be  screwed  into  its  support.  Figure  142  shows  tbe  Swar« 
ship  lamp.  Figure  143  fihows  a  form  of  bracket  lamp^  and 
figure  1'44  a  table  lamp. 

Figure  145  shows  an  arrangement  of  tlie  Swan  fillip  lamp 
adjusted  to  oil  fixtures,  and  figure  146  an  ornamental  specimen 
electrolier. 

As  to  the  durability  of  tlie  Swau  lamp,  we  are  informed 


ill  the  Savoy  Theatre,  London,  which  is  Illuminated  V)y  them 
(the  current  being  supplied  by  a  dynamo),  the  lamps  have  last 
S,000  hours.      This  is  due,  in  a  great  measure,  to  the  borne 
geaeity  and  density  of  the  carbon  filament,  and  the  perfect  uij 
fonnity  in  its  size  and  sliape  from  end  to  end. 

A  private  exhibition  of  the  Swan  incandescent  electric  light 
was  recently  given  at  the  officea  of  the  Brush  Electric  Light 
Company,  in  New  York,  in  connection  with  the  Brush  storage 
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only  produces  a  perfectly  steady  Hght,  bul  the  uniformity  of  ihc 
current  insures  great  durability  in  the  carbon  filament  of  iht 
lamp. 

The  storage  battery  used  on  the  evening  referred  to  watf] 
chaigetl  by  the  current  from  a  No.  8  Brush  dynamo  at  tlio  KHs 
beth  Street  station,  which  at  the  same  time  furnished  thirty-four 
Arc  lamps  on  a.  circuit  a  liltio  over  ten  miles  in  lengtli,  the  con- 
ductor being  a  No.  6  copper  wire.  The  battery  consisted 
twenty-four  elements,  and  furnished  a  current  to  twenty-sevet 
sixtecn-candlo  power  Swan  lamps.  The  carbon  filament  wa 
maintained  in  a  high  state  of  incandescence,  emitting  a  very 
steady  white  light 

The  general  appearance  of  the  storage  battery  is  shown  ia 
figure  147.  It  consists  of  luid  plates  arranged  by  pains  in  eel 
and  connected  in  senc?.  Each  battery  of  twenty-four  cell 
is  conneutul  with  the  current  manipulator  fixed  to  the  wall,  anc 
the  charging  current  entering  the  manipulator  is  switched  froto 
one  battery  to  another  automatically  by  the  manipulator,  an« 
when  all  of  the  balLeries  are  fully  eliarged  they  are  cut  out  oC 
the  dynamo  circuit  by  the  same  meana  When  either  of 
bntteries  is  partially  exhau-sted,  it  is  switched  into  the  charging 
circuit  liy  tlie  manipulator,  and  even  while  receiving  its  ehai^ 
the  battery  may  be  supplying  ita  current  to  the  lamps,  the  ne 
of  the  bzittery  being  provided  for  by  the  manipulator,  wluch  i 
records  the  amount  of  current  used. 

The  sizes  and  capacity  of  the  colls  are  given  below. 


Slu  of  ceUs. 


Na  1 


Oiptcltj  In  SviD 


5  to  8 
10  ''  16 
20  "  80 
40  "  60 


Size  of  platM  In 

incoML 


8x    8 

8  xl6 

8x  10 

ltixl6 


NuiobtTof  esUa  re- 
quired for  8wtu 
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These  batteries,  we  are  ossui'ed,  will  {uriii.sh  9  to  10  lights  of 
ihe  size  or  jKiwer  of  an  ordinary  5  feet  gas  burner  (iwually  16- 
cantlle  power),  for  each  horso  power  alworbctl  by  the  dynamo 
electric  machine  used  in  chai-ging  them.  This  is  said  to  he 
partly  due  to  the  greater  oflicieiK-y  of  the  Imttery,  ami  partly  to 
ilie  use  of  a  distributing  and  charging  current  of  coniiiaratively 
high  electro  motive  force.  It  is  claimed  ihat  this  kind  of  electric 
cunvnt  j)ennita  the  use  of  sinall  condut-tors  and  long  circuits 
in  cliarging  tl»e  Kecondary  Vjattcries,  while  the  batteries  yield  a 
current  of  low  potential  adapted  to  incandescent  lighting. 

All  dauger  from  short  circuiting  the  lamp  or  wires  is  avoided 

'  means  of  an  exceetlinglyBitnple  iind  inexpensive  device,  con- 
asting  of  a  strip  of  tinfoil  Bocure<i  to  the  face  of  a  piece  of  vul- 
cauized  fibre,  the  tinfoil  forming  a  part  of  the  circuit  When 
ibe  lamp  is  sliort  circuited,  the  tinfoil  melts  and  is  thrown  off 
from  the  strip  of  fibre,  thus  interrupting  the  circuit  The  vul- 
canized fibre  with  its  attached  tinfoil  is  readily  replaced. 

The  Brush  Electric  Company  assert  that  tliis  system  of  light- 
ing ia  now  entirely  beyond  the  experimental  stfige,  and  that  it  is 
ooffiiucrcially  praclicablo  and  ready  for  the  publia 

In  addition  to  the  extensive  works  already  in  operation  in 
Cleveland,  the  Brush  Pllectric  Company  is  erecting  a  large  build- 
'>)g  to  be  supplied  with  steam  power  to  the  extent  of  1,000 
horsepower,  for  the  purpose  of  manufacturing  the  new  storage 
battery. 


THE    BERNSTEIN   INCANDESCENT   LAMP. 

It  is  a  somewlial  singular  coincidence  that  in  another  work  we 
n»ve  described  two  systems  of  simultaneous  transmission  of 
*'ectric  signals  in  the  same  direciiou  upon  one  wire,  one  of 
^nich  was  invented  by  A.  Bernstein  and  the  other  by  T.  A. 
*^hijon,  and  that  in  this  work  the  same  names  apjjear  as  invent- 
ow  of  two  systems  of  incaudesceut  electric  lighting ;  the  coinci- 
"fiice,  however,  does  not  extend  to  the  i>ersons :  for,  while  it  U 
UK  same  Edison  io  both  cases,  it  is  not  the  same  Bernstein, 
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tbe  inventor  of  the  system  of  incandescent  lighting  being  thff 
son  of  the  inventor  of  tho  system  of  simultaneous  transmission 

Tbe  Bernstein  Electric  Light  Sj^stem  consists  of  a  dynamo 
machine  or  generator  vi  the  electric  current ;  incandescent  lamps 
which  are  connected  by  wires  with  the  generator,  and  arc  pro- 
vided with  holders,  switches  and  cut-outs;  and  meters  for 
measuring  the  amount  of  current  passing  through  the  wires. 

The  generator,  which  is  sliown  in  Fig.  148,  is  based  on  th 


f\'j.    148. 

principle  of  the  Paccinotti  machine.  It  is  constructe<I  in  such  a 
way,  that  currents  of  either  high  or  low  electro  motive  force  can 
be  generated  at  the  same  speed  by  connecting  the  armature  coils 
in  different  wuys,  thus  allowing  the  use  of  the  same  machine  for 
different  purposes.  Tho  division  of  the  armature  into  several 
parts  allows  change  of  polarity  in  the  armature  cores  with  little 
heating,  and  the  large  surface  of  wire  ex  posed  to  the  air  hel|)s  to 
keep  the  machine  cool. 
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The  magneU  are  comparatively  large  and  the  magnetic  field 
TCtyinieDseL  Arrangements  are  matle  to  increase  or  decreii^e 
tbe  magnetic  force  according  to  the  requirements  of  the  outside 
circait  There  is  no  wear  and  tear  ou  tUese  juaciiincs  except  at 
tke  tvo  bearings  and  on  the  commutator  brushes,  wliich  are 
Boanted  on  a  movable  shaft  and  allow  of  easy  adjustments. 
Tiie  machine  is  so  simple,  that  it  can  be  easily  bandied  by  any 
copQccr  without  previous  knowledge  of  electrical  matters. 

Besides  being  adapted  for  the  purposes  of  electric  lighting  tlie 
ffl*chiue  can  be  used  for  the  traDamission  of  power  by  ni«ans  of 
«fcctricity  and  for  electric  railways. 


The  lamp  is  shown  in  two  different  forms  in  Figs.  149  and 
150.  The  lamp  in  Fig.  149  consists  of  a  cylinder  of  glass  with 
a  bulb  blown  in  the  centre.  Into  the  bulb  the  carbon  is  intn>- 
duced^attd  the  connection  established  by  means  of  fine  platinum 
irires  sealed  into  the  ends  of  the  lamps  after  the  manner  of  the 
Gciffller  tube.    The  dilhcully  of  making  suitable  carbons  of  this 


376 


THE  ELECTRIC  LIGHT. 


kind,  and  of  attaching  them  to  the  conducting  wires  in  a  practi- 
cable manner  has  been  overcome  in  an  exceedingly  satisfactory 
manner,  v\z. :  the  connections  between  the  carbon  and  conduct- 
ing wires  hcing  made  in  such  a  manner  as  tj  relieve  the  carbon 
o{  all  strain  by  exi)anHion  and  contraction  when  in  use.  Tlie 
form  shown  in  Fig.  150  is  the  one  more  commonly  used 

The  lamp  ia  fastened  into  a  soeket,  which  can  readily  be 
atUiched  to  any  ordinary  gas  chandelier  or  bracket  By  Tii&kiis 
of  a  switch  connected  with  the  socket  the  light  can  be  let  on  or 
off  at  pleasure.  Iti  case  a  lamp  should  break  by  accident,  a  new 
one  can  instantly  be  put  into  the  place  of  the  broken  one. 

Tn  the  Bernstein  lamp  the  light-giving  carbon  is  not  heated 
in  a  vacuum,  but  the  lamp  is  filled  with  a  vapor,  which  has  a 
preserving  action  on  the  carbon.  Another  point  which  distiu* 
guishes  this  lainji  fr<^Mn  other  electric  lamps,  in  use  at  the  preaent 
time,  ia  the  lai^e  light-giving  surface  and  consequent  lai^ 
volume  of  light  obtained — the  light-giving  surface  being  eight 
times  as  large  as  in  the  ordinary  filament  lamp. 

In  judging  of  tlie  amount  of  light  produced  by  an  electric 
lamp,  one  is  often  misled  by  the  brilliancy  of  the  light  This 
brilliancy  merely  results  from  the  fact,  that  an  intense  light  is 
radiated  from  a  small  light-giving  surface ;  if  the  same  amount 
of  light  could  be  obtained  from  a  larger  light-giving  surface,  the 
lamp  would  not  appear  as  brilliant,  but  would  be  more  pleasant 
to  the  eye,  and  the  light  would  be  of  a  more  diffusive  character. 

The  Bernstein  lamp  ia  made  in  lift}',  twenty-five  and  twelve 
candle  power,  and  for  purposes  where  stronger  lights  are 
desirable,  lamps  up  to  600-candle  power  can  be  furnished. 

Automatic  cutouts  are  made  both  for  lamps  arranged  in 
multiple  arc  and  in  series. 

In  the  first  case  the  cut-out  prevents  undue  heating  of  the 
wires  if  they  are  accidentally  or  purposely  brought  in  contact 
with  each  other.  If  the  lamps  are  placed  in  series,  an  automatiG 
cut  out  is  used,  which  closes  the  circuit  around  the  lamp,  in 
case  it  should  be  broken  or  give  out  for  any  other  reason. 

The  meter,  invented  by  Mr.  Bernstein,  registers  automatically 


thfi  amount  of  electric  energy  consumed  in  every  house,  and  in 
such  a  way  as  to  allow  the  producer  aud  consumer  to  read  the 
aoount  Bt  any  time  from  dial  plates.  It  consists  of  a  fulcrumed 
scale-beam,  which  carries  at  one  end  a  traversing  and  counter- 
bikiOBd  r^stering  device  and  at  the  other  end  a  coil  into 

Iirbich  i«  placed  a  soft  iron  core  connected  by  a  n>d  to  the  reg- 
ister.   Below  the  arm  carrying  the  registering  device  is  aus- 
pended  a  coil,  which  is  surrounded  by  a  second  coil  of  larger 
dianeter,  the  latter  being  coiistanUy  traversed  by  the  main  or 
branch  current,  while  the  smaller  coil  and  the  coil  on  the  beam 
are  tmrersed  by  a  branch  from  the  main  current  thro\igh  a 
fliiuot  of  very  high  resistance.     The  registering  device  and  gcale- 
iKain  are  retained  in  a  position  of  rest — to  wit,  a  horizontal 
position — by  means  of  a  spring-catch  and  fixed  rack-l«ir,  which 
ktter  is  arranged  above  the  registering  de\ice.    The  streogth  of 
the  current  in  the  inner  coil  depends  on  the  difference  of  poten- 
tial between  the  two  points  of  the  shunt,  connecttnl  respectively 
with  the  two  branch  conductors,  and,  therefore,  indicates  volte. 
The  time  is  practically  measured  by  the  number  of  indications 
made,  so  that  the  total    indication   depends  uu   these   three 
elements,  viz. :  volts,  amperes  and  time. 

In  order  to  indicate  by  mechanical  means  the  distance 
through  which  the  register  moves,  the  arm  of  the  scale-beam 
which  carries  the  register  is  made  in  the  sliape  of  a  rack,  and 
the  registering  device  provided  with  a  small  pinion,  which  gears 
with  Ae  rack  and  transmits  its  motion  by  a  train  of  gearwheels 
to  index-hands  moving  over  dial-plates  in  the  usual  manner. 
The  hands  of  the  dial  can  only  be  moved  when  the  registering 
device  moves  in  one  direction,  they  not  being  moved  when  the 
registering  device  moves  in  the  opposite  direction,  so  that  the 
return  motion  of  the  register  has  no  effect  upon  the  bauds.  In 
thia  way  the  strength  of  the  main  current  is  indicated  by  meaus 
of  the  shunted  current,  and  thereby  the  amount  of  current  pass- 
ing over  the  main  line  or  in  any  branch  to  which  the  meter  is 
Applied  accurately  determined. 

In  connection  with   the   registering   device  of  the  current- 
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meter,  and  above  the  same,  is  arranged  a  fixed  horizontal  raclc- 
bar,  which  is  engaged  by  means  of  a  spring-catch,  applied  to  the 
register.  As  soon  as  the  shunted  current  is  made  to  pass 
through  the  inside  ooils  the  beam  is  deflected  at  the  left  end, 
and  the  iron  core  will  be  drawn  inside  of  the  coil  at  the  right 
end.  As  the  register  is  drawn  toward  the  right  by  the  action 
of  the  coil  on  the  iron  core  until  equilibrium  is  again  established, 
the  beam  assumes  again  a  horizontal  position,  and  no  farther 
motion  of  the  register  can  take  place,  as  the  spring-catch 
engages  the  fixed  rack-bar.  The  distance  which  the  sliding 
register  is  compelled  to  move  in  order  to  establish  equilibrium 
of  the  beam  corresponds  directly  to  the  strength  of  the  main 
current  to  be  measured.  Unlike  other  electric  meters,  which 
only  give  the  amount  of  current  passed,  this  meter  measures  the 
total  amount  of  electric  work  done,  viz.;  volt  x  ampere  x  time. 
The  advantages  claimed  for  the  Bernstein  are  the  following: 
That  it  is  the  cheapest  artificial  light  yet  produced,  whether 
compared  with  gas  or  with  other  systems  of  electric  lighting. 
That  as  compared  with  other  incandescent  systems,  more  avail* 
able  candle  power  is  produced  for  each  horse  power  used  in  the 
motor;  150  to  501)  candles  being  obtained  per  horsepower, 
according  to  the  current  and  style  of  lamp  used  That  the  lamp 
is  more  durable,  and  the  light  steadier ;  and  that  the  light  pro- 
duced being  lai^c  in  volume  and  very  diffusive,  fills  the  space 
well  and  is  agreeable  to  the  eye. 


TH»  LANK-FOI   TNCANDKBCENT   LAKP. 

The  form  of  the  Lane-Fox  lamp  (figure  151)  is  very  similar 
to  the  Edison ;  both  make  a  single  loop  of  the  carbon,  which  is 
bent  into  a  horse-shoe  form.  The  filament  of  the  Lane- Fox  lamp 
is  made  from  grass  fibres  of  tlie  kind  known  as  French  whisk 
or  bass  broom,  used  in  making  carpet  brushes.  The  fibres  are 
boiled  in  a  strong  solution  nf  jx^taslt  or  soda,  and  the  skin  scraped 
oil  and  tlien  the  soda  or  potash  is  boiled  out  of  them,  and  they 
are  stretched  around  a  mould  of  plumbago,  and  baked  at  a  white 
heaL     The  fibres  are  then  further  carbonized  by  depositing  car- 
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bon  upon  them  from  a  rich  hydrocarbon  gas.  This  is  done  by 
saspending  them  in  large  globes  tilled  with  bengole,  and  then 
keUed  to  iocandescenoe  by  an  electric  current.  The  ^  is  de- 
composed by  the  white  hot  filament,  and  carbon  is  deposited  on 
its  aorface,  by  which  means  the  fibre  is  covered  witli  a  hard  car- 
bon ekin,  which  produces  the  requisite  resistance  and  renders  the 
filament  more  xmiform,  thus  insuring  greater  durability.     The 


ii0. 161. 

JUBi'of  various  thickness,  some  being  used  in  lamps  of 

10 Md  20  and  others  of  30  and  60  candle  jwwer. 

Mr. LancFoxs  method  of  distributing  the  current  is  similar 
to  Edison's,  except  that  he  uses  the  earth  instead  of  a  return 
wire.  The  lamjw  are  placed  in  multiple  arc  and  a  constant 
electro-motive  force  of  about  100  volts  is  maintained  in  the  cir- 
euit    An  automatic  regulator  is  employed  to  insure  this  result, 


wS^ 
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wMcli  U  placed  in  the  circuit  between  the  main  oondactor  and 
the  earth.  The  regulator  (figare  152)  conaiata  of  aa  electru- 
magQet,'  K",  through  which  a  shunted  portioa  of  tlie  oarrmt 
paases,  and  attracts  the  armature  ot  lever  L,  pivoted  at  Q.  This 
lever  plaja  between  the  two  adjustable  coutact  pins  I  and  v, 
resting  midway  when  the  current  is  of  the  proper  intcnsityt  but 
fiti'ikiug  the  upj^er  pin  I,  if  the  current  becomes  too  strong,  and 
the  lower  pin  v,  if  it  becomes  too  weak.  By  this  means  a  local 
circuit  is  closed,  and  more  or  less  resistance  is  inserted  in  the 
circuit  of  the  field- magnets  of  the  generator,  soaa  lo  bring  the 
lighting  current  to  its  normal  value,  and  tlio  lever  of  the  rega- 
lator  to  its  mid  position.  This  resistance  is  inserted  antotnati- 
cally.  E  is  a  vibrating  electro- magnet,  analogous  in  il^  action 
to  the  buKzer  of  an  electric  bell,  which  is  caused  by  the  local 
current  to  rotate  a  vertical  axis  N,  carrying  at  its  n  la 

small  toothed  pinion,  which  can  gear  with  cither  of  i  _  :  .iJce 
wheels  R  and  R',  enclosing  it  between  their  toothed  edges.  If 
it  gear  with  the  wheel  R,  the  horizontal  spindle  D,  carrying  thcw 
two  wheels,  will  be  rotated  in  one  direction,  and  if  it  gear  with 
R'  the  same  8|)indle  will  be  rotated  in  the  other  direction,  and  as 
the  spindle  D  carries  at  its  lower  end  n  vertical  shaft  connected 
with  the  sliding  contact  arm  F,  F,  which  moves  over  the  con- 
tact pieces  c,  c,  of  a  series  of  resistances  contained  in  the  box,  it 
throws  in  or  takes  out  resistance  from  the  Held  niaguek  The 
direction  in  which  the  horizontal  spindle  shall  turn  is  determined 
by  the  two  electro-magnets  E  and  E'.  According  as  tlie  lever  L 
touches  I  or  v,  one  or  other  of  these  electro-magncta  E  or  K* 
attracts  the  armature  A,  placed  between  their  opposed  poles, 
which  moves  tho  apindle  D  longitudinally,  and  brings  the  pinioo 
headetl  axis  into  gearing  with  one  or  other  of  the  two  wh 
and  R'  on  tho  horizontal  spindle. 

Secondary  batteries  are   used  to  stone  any  surplus  c 
and  return  it  to  the  circuits  when  then;  is  any  falling  oit  in 
below  the  normal  current     They  are  s<>  arrui'     * 
ter>'  in  discharging  will  automatically  adapt  tlu'  ] 
discharge  to  the  needs  of  the  mains  as  determined  by  the 
lator. 
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Mr.  Lane-Fox  has  inrented  three  kinds  of  meters  for 
measuring  the  current  used  in  his.  lamps.  The  Lane-Fox  sys- 
tem is  now  worked  by  the  Anglo-American  Brush  Electric 
Xa^ht  Corporation,  and  was  exhibited  with  fine  effect  at  the 
Crystal  Palace  Exhibition,  where  the  Alhambra  Courts  were 
lighted  by  Lane-Fox  lamps  fed  from  a  Sellon-Volckmar  second- 
ary battery  charged  by  a  Brush  machine,  and  the  light  was  con- 
veniently graduated  by  switching  on  a  greater  or  less  number  o£ 
cells  of  the  battery. 


CHAPTER  V. 


BEFOBT  OK  THE  IKCAKBESCENT  LAUFS  EXHIBITED 

AT  THE  INTERNATIONAL  EXPOSITION  OF 

ELECTBICmr,    PARIS,   1881. 


L — DESCRIPTION  OP  THE  LAMPS. 

The  only  lamps  in  the  Exhibition  which  were  purely  incan- 
descent in  character  were  those  of  Edison  and  Maxim,  in  the 
United  States  section,  and  those  of  Swan  and  Lane-Fox,  in  that 
of  Great  Britain.     The  idea  represented  in  these  lamps  is  essen- 


Fig.  163. 

tially  the  same  in  all  of  them,  the  differences  being,  for  the  most 
part,  details  of  construction.  They  all  consist  of  a  glass  envelope, 
more  or  less  spherical  in  form,  in  which  is  inclosed  a  carbon 
loop,  made  of  carbonized  organic  material,  and  supported  upon 
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wires  of  platinum  scaled  into  the  glass.    The  space  in  the  interior 
of  the  lamp  is  very  perfectly  exhausted. 

A.  The  Edbon  Lamp. — The  Edison  lamp  (figure  153)  is  pear- 
slitped  in  form.  The  c^arbon  filament  is  long  and  fine,  nnd  ia 
bent  into  tlie  8ha|)e  of  a  U.  It  ia  mode  from  Japanese  bamboOi 
cut  to  the  requisite  size  in  u,  gauge.  In  section  it  is  nearly 
jquare,  being  about  0.3  millimStro  on  a  side,  the  enda  being  left 
OMiBiJeiably  wider.  The  fibre  is  carboniaed  in  motdda  of  nickel, 
4n(i  13  altached  to  the  conducting  wires  by  copper,  electrolyti- 
cally  deposited  upou  them. 


J\il.  154. 

S.  The  Swajt  Lamp.— The  Swan  lamp  (figure  164)  is  glob- 
^  in  form,  the  neck  being  quite  long.  The  carbon  filament  is 
made  from  cotton  thread,  parchmcntized  beforo  carbonization  by 
ti^tnicnt  with  strong  sulphurie  acid.  The  ends  of  tliis  filament 
•re  very  ranch  thickened,  and  the  loop  has  a  double  tura  at  the 
toffc  Its  ends  are  clamped  in  a  pair  of  metal  holders,  supported 
)iitemlly  by  a  stem  of  ghiss  which  rises  through  the  neck  to  tho 
^  bwo  of  the  gloljo.  Below,  these  holders  arc  fastened  to  wirea 
of  pUtinum  which  pass  through  the  gla9& 
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C.  Thk  MAXi:tt  Lamp, — The  Maxim  lamp  (figure  155)  is  also 
globakr  in  form,  but  it  baa  a  short  nock.  Within  the  neck 
rises  &  hollow  cj-Under  of  glass,  supporting  upon  its  summit  a 
ooloma  of  blue  enamel,  through  which  iv\sa  the  conducting  wires 
of  pktbuni  which  carry  the  carbon.  The  filament  la  made  from 
canlboanl  cut  by  a  punch  into  the  fonn  of  an  M.  In 
section,  therefore,  it  is  rectangular,  and  several  times  aa  broad  as 
it  is  tliick.    It  is  carbonized  in  a  mould  thi'ougb  which  a  current 


I\y  168. 

J*  coal  gag  ig  passed.    After  carbonization,  the  filament  is  placed 

*J1  attenuated  atmosphere  of  hydrocarbon  vapor,  and  heated 

7  tiiQ  current     The  vapor  is  decomposed,  and  its  carbon  is  pre- 

'P'tated  ujwn  the  filament     In  this  way  not  only  are  inequah- 

7^  obliterated,  but  the  resistance  of  the  filaments  may  be  equal- 

e  brought  to  any  standard  required. 
E  Lank-Fox  Lamp.— The  Lane-Fox  lamp  (figure  156) 
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is  ovoid  in  simpe,  llie  neck  being  in  length  iiitermediAte  betweetn 
tho  two  lamps  last  dcscribetL  The  carbon  is  in  the  form  of  a 
horse  shoe,  and  iis  circular  ia  croas-aection.  It  is  made  froni  tlie 
root  of  an  Italian  grass,  largely  used  in  France  for  making  brooms. 
After  carbonization,  tlie  filaments  arc  classificii  according  U>  their 
resistances.  They  are  then  heated  in  au  atmosphere  of  coal  gas  ia 
which  carbon  ia  de]K>sitcd  upon  them,  as  in  the  £huuenLs  of  the 
lampg  last  described.  The  fibment  in  the  lamp  is  supported  by 
platin^mi  wires,  to  which  it  is  attached  by  sleeves  of  carbon  en- 
circling both.  These  wires  pass  through  tubes  in  the  top  of  tin 
liollow  glass  stem.  Just  below  tlie  extremities  of  these  tul 
are  two  small  bulbs  containing  mercury,  forming  the  contactj 
between  the  platinum  wire  sealed  into  the  glass  above  and  th 
conductor  which  enters  from  below.  These  conductora 
held  in  place  by  plaster,  which  iills  the  base  of  the  huuix 


n.— METHODS  or   UEASUREKENT. 

The  question  to  be  determined  was  simply  the  efficiency  > 
these  lamps.  The  efficiency  of  a  lamp  ia  the  ratio  of  ener 
produced  to  energy  consumed — that  is,  the  quantity  of  ligli 
giveu  by  the  lamp  for  each  horse-power  of  current  which  it  oon» 
sumes.  The  data  required  to  calculate  this  efficiency  may  bo 
obtained  when  the  electro- motive  force  of  the  current,  tho  resist- 
ance of  tho  lamp  when  giving  its  light,  and  its  illuminating 
power,  have  been  determined. 

1.  Ekctro-motive  Force. — The  electro-motive  force,  or  fall  of 
potential  through  the  lamp,  was  measured  by  Law's  method.  A 
suitable  condenser  was  charged  by  being  put  in  coromunicatiou 
with  a  standard  Daniell  cell,  and  then  discharged  through  a  high j 
resistance  galvanometer,  the  dcOection  of  tho  needle  being  notecL^ 
This  condenser  wail  then  connected  to  the  two  wires  of  the  lamp, 
and  again  discharged  through  the  galvanometer,  the  deOection 
being  made  the  same  as  before  by  meann  of  a  variable  shunt 
connected  with  the  galvanometer.  Since  with  a  given  condenser 
the  charges  it  receivea  are  proportional  to  the  potentials  of  the 
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charging  currents,  and  sinco  the  discharge  deflections  of  a  gal- 
vanometer represent  the  quantity  of  these  charges,  it  follows  that 
the  electro-motive  forces  are  proportional  to  these  discharge  de- 
Qectiona.  If,  however,  as  in  tiic  present  case,  the  discharge  de- 
flections are  made  etiual  by  means  of  shunts,  then  the  electro- 
motive forces  are  proportional  to  the  multiplying  power  of  the 
^hunts. 

2.  Resistance — The  reaistance  of  the  lamp,  when  giving  its 
light,  was  obtained  by  making  the  tamp  one  side  of  a  Wheat- 


^ 


^;iS: 


Fig.  167. 

stone's  bridge  through  which  the  main  current  was  flowing.  The 
second  and  fourth  eidea  were  formed  of  fixed  resistanees  of 
known  value,  and  tlie  third  side  of  au  adjustable  resistance. 
Wben  tlie  bridge  is  balanced,  the  product  of  the  two  fixed  resist- 
ADces,  divided  by  the  adjusted  resistance,  gives  the  resistance  of 
the  lamp  at  the  given  candle-power. 

S.  Illuminating  Power. — The  illuminating  power  of  the  lamp 
wna  measured  on  a  Bunscn  photometer.  At  one  end  of  the  bar 
was  Uw  lamp  itself;  at  the  other  end  two  standard  auidlea, 
placed  nearly  in  line.     The  plane  of  the  oarbou  filamcut  was 
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placed  at  45°  to  the  length  of  the  bar,  and  each  Ump  woa 
measured  at  16  and  32  cnndlea 

IIL — APPARATUS  EMPLOTEa 

1,  OmdcTiser. — ^The  condenser  (N,  fig.  157)  used  in  these  meas- 
urements, had  a  capacity  of  one  microfarad,  divided  into  sectiooa 
of  04,  O'S,  02,  nnd  01.  The  dielectric  was  parafldned  mica,  and 
the  brass  work  was  supported  on  ebonite  pillars.  Made  by 
Latimer  Clark,  Muirbcad  &  Oa,  Tjondon,  and  exhibited  in  their 
section  at  the  Exhibition. 

2.  Qalvanomeler. — Tlie  galvanometer  (G,  fig.  157)  -wm  a 
Thomson  double-coil  astatic  instniment,  encloecd  in  a  square 
case  with  glass  sides.     Measured  resistance,  6,650  ohms.     Ue 


txg.  1&8. 

with  lamp  stand  and  scale  in  the  ordinary  way.  Made  by  EHlia 
Brothers,  London. 

a  Standard    Gell,^An  ordinary  Daniell  cell  (fig.  168X  tha^ 
oopper  plate  being  immersed  in  a  saturated  solution  of  pu 
copjwr  sulphate,  contained  in  the  porous  cell,  and  tlie  zinc  pla 
amalgamated,  in  a  satiirateil  solution  of  pure  zxao  sulphate,  i 
the  outer  jar ;  one  of  a  battery  of  ten  celk  forming  a  part  of  the 
Edison  exhibit 

4  Resiitanee  Cbils. — (a.)  A  set  of  stundatxl  coiK   i 
from  1  ohm  to  5,000  ohms.  All  other  resistances  v 
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Btandardizetl  by  these.  Made  by  L  Clark,  Muirbead  dcCa,  aad 
&  part  of  their  exhibit.  (6.)  A  set  of  coils  used  iii  the  Wheat- 
stone's  bridge.  Compared  carefully  with  set  (a).  These  coils 
formed  a  part  of  the  exhibit  of  Edison. 

6.  Wheaistone's  Bridge  (fig.  159). — Four  conducting  wires  of 
large  size  arranged  on  the  table  in  tbe  form  of  a  rhomb.  A  test 
galvanometer  was  inserted  between  the  obtu^  angles  of  the 
rhomb,  and  a  pair  of  shunt  wires  from  the  main  conductors  were 
attached  at  the  acute  angtee.     The  Jlr&t  aide  of  the  rhomb  coq- 


_£i'ra5fW' 
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Fig.  159. 

tained  the  lamp  to  be  measured,  standing  in  its  place  on  the 
photometer.  The  eecond  side  contained  a  fixed  resistance  of  6 
ohms.  The  third  side  contained  a  variable  resi.stance  (Uesist- 
ance  6) ;  and  the  fourth  side  a  fixed  resistance  of  950  ohms.  This 
bridge  formed  a  part  of  the  Edison  exhibit 

tt.  PhoO/meler. — The  photometer  employed  was  of  the  Bunsen 
(onn,  ha\-ing  a  double  l>ar,  80  inches  long,  graduated  in  inches 
and  in  candles.  The  disk  was  of  paraffined  pa|>er,  with  a  plain 
*pot  in  the  oentr&     The  disc  box  was  movable  on  rollers,  and 

ptained  inclined  mirrors  to  facilitate  the  adjustment  The 
used  weru  of  spenuoooti,  made  by  Sugg  of  London,  to 
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burn  120  grains  (7-776  grammes)  per  hour.  The  entire  apparatos 
was  surrounded  with  heavy  black  cloth.  Also  &  part  of  the 
Edison  exhibit 

7,  Dynamo-tlectnc  Madtine. — An  Kdisun  sixty-Hglit  machine 
(fig.  160)  was  used  to  furnish  the  current  required.     In  this  ma- 


rtg.  ISO. 

chine  the  field  magnets,  which  are  very  long  and  heavy,  i 
verticfllly.    The  field  is  maintained  by  a  shunt  current, 

1ate<l  by  an  adjustable  resistance  in  its  circuit     The  ho\  

wound  on  a  cylinder  like  that  of  Siemens,  from  which  it  diffEin; 
however,  in  its  details.     Its  resistance  wm  on." '^'■'"■?  ohi 
the  current  delivered,  at  a  speed  of  900  ^' 
electro-motive  force  of  110  volta.  A  iwiri  of  the  Kdis 
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IV. — RESISTANCE  or  LAKF8  OOIJ>. 

The  resistance  of  the  lamps  cold  was  measured  on  a  Wheat- 
stone's  bridge  of  tlie  ordinary  form  and  in  the  usual  way.  The 
£di£on  lamjis  were  taken  at  random  from  the  stock  on  hand. 
Tho  Swan  lamps  were  furnished  by  Mr.  Edmundtt,  the  Luno- 
Tox  lamps  by  Mr.  Stewart,  and  the  Maxim  lamps  by  Mr.  Lock- 
■vood.  Twenty-four  of  each  wore  taken  (except  the  Lane-Fox, 
of  which  only  fifteen  were  furnished),  and  ten  selected  from  these 
tor  the  tests.  The  measurements  of  the  KdiRon  and  Swnn  lamps 
-were  made  by  Mr.  E.  G.  Acheson ;  those  of  the  Lane-Fox  and 
Maxim  lamps  by  Mr.  H.  Crookes.  The  following  are  the  results 
obt^ned : 


Numlter. 

Kdison, 

Swan. 

Luke-Fox. 

Maxim. 

1 

237 

74 

53 

78 

2 

233 

50 

5tf 

84 

8 

26S 

54 

66 

76 

4 

260 

73 

56 

74 

6 

251 

65 

54 

74 

6 

223 

72 

50 

71 

7 

227 

89 

53 

68 

8 

249 

67 

52 

63 

9 

219 

56 

57 

65 

10 

237 

52 

63 

73 

1      Mean . . . 

241 

59 

65 

72 

V. — MEASURIMENT  OF  EFriCIENOT, 

1.  Experimental  Hestdts. 

A.  The  Epison  Lamp. — In  this  measurement  the  entire  con- 
ileuser  was  employed.  When  charged  with  the  standard  cell  and 
fhicharged  through  the  galvanometer  without  shunt,  a  deflection 
ot  810  scale  divisions  was  obtained,  as  a  mean  of  ten  closely  ao- 
•^nlaut  experim*  TJio  photometer  rcaJings  were  made  by 
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Mr.  Crookes,  the  bridge  readings  by  Major  B.  Y,  Armatrong, 
and  the  galvanometer  readings  bj  Prol  G.  F.  Barker. 

(a.)  AT  16  CIHBLSS. 


Number  of  Lamp. 

Photometer 
Beading. 

Bridge  KeadiDg. 

Gktlnnometer 
Betdii^. 

1 

16—14.75 

85—84.5 

75 

2 

16-15 

86.0 

74 

3 

16 

30.5 

74 

4 

16 

S2.3 

78 

6 

16—17 

83.4 

78 

6 

16—17.5 

86.0 

7S 

7 

16—15 

86.6 

78 

8 

16 

84.5 

75 

9 

16—19 

37.5 

74 

10 

16 

37.7 

74 

(b.)   AT  32  CAHDLKa. 


Number. 

Photometer. 

Bridge. 

Oalvanometar. 

1 

32 

37.2 

66 

2 

82 

37.2 

66 

3 

82 

87.3 

66 

4 

82 

84.3 

64 

6 

32 

85.2 

67 

6 

32 

87.9 

69 

7 

32 

88.6 

69 

8 

82 

86.3 

69 

9 

82 

88.9 

69 

10 

82 

88.8 

69 

B.  The  Swan  Lamp. — The  entire  oondenaer  wu 
these  measurements  also,  the  deflection  being  810 
photometer  was  read  by  Mr.  H.  Orookea,  ikb  hf' 
Crookes,  and  the  galvanometer  bj  Professor  Bp 
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(a.)  AT  16  CAADLXS. 


ITumber. 

Photometer. 

Bridge. 

Oalvanometer. 

1 

16 

119.5 

136 

2 

16 

161.7 

145 

3 

16 

148.8 

13/ 

4 

16 

113.6 

122 

6 

16 

145.9 

134 

6 

16 

122.1 

138 

7 

16 

229.0 

179 

8 

16 

135.1 

145 

9 

16 

159.5 

146 

10 

16 

171.0 

145 

{b.)   AT  32  0AKDLB8. 


N'umber. 
1 

2 
8 
4 
5 


9 
10 


Photometer. 

Bridge. 

82 

123.5 

32 

167.2 

32 

155.2 

32 

116.0 

32 

154.7 

32 

129.7 

32 

237.0 

32 

137.5 

32 

163.0 

32 

175.2 

Galvanometer. 


121 
122 
121 
116 
115 
120 
146 
128 
127 
120 


^*  The  XiAXE-Fox  IAmp. — The  entire  condenser  was  em- 
P^^^yed,  and  the  deflection  was  tlie  same,  310  divisions.     Mr.  H. 
^^kes  read  the  pbotometer,  Mr.  Crookea  the  bridge,  and  Pro- 
^68sor  Barker  the  galvanometer. 


THE  ELEOTBIC  LIGHT. 

(a.)  AT  16  CAUDLES. 


Number. 

Photometer. 

Bridge. 

Q&lTanometer. 

1 

16 

172.0 

150 

2 

16 

168.7 

145 

3 

16 

177.6 

161 

4 

16 

171.7 

157 

5 

16 

171.0 

156 

6 

16 

189.5 

156 

7 

16 

179.0 

156 

8 

16 

181.1 

164 

9 

16 

161.7 

146 

10 

Id 

164.7 

148 

(b.)   AT  32  CANDLES. 


Number. 

Photometer. 

Bridge. 

Gtlruiometer. 

1 

32 

178.7 

135 

2 

32 

175.5 

129 

S 

32 

181.2 

149 

4 

82 

175.2 

143 

6 

32 

175.7 

143 

6 

32 

192.3 

143 

7 

32 

186.2 

146 

8 

32 

184.5 

146 

9 

32 

167.3 

133 

10 

32 

172.0 

129 

p.  The  Maxim  Lamp. — The  entire  condenser  was  used,  M 
in  the  previous  coses.  But  the  deflection  obtained  was  816  ^ 
visions,  owing  probably  to  the  higher  temperature  of  j 
Photometer  read  by  Mr.  H.  Oookes,  bridge  1" 
galvanometer  by  Professor  G.  F.  Barken 
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(a.)  AT  16  CANDLBS. 


Number. 

Photometer. 

Bridge. 

Galvanometer. 

1 

16 

111.8 

115 

2 

16 

111.3 

U9 

8 

16 

106.2 

111 

4* 

16 

124.7 

120 

5 

16 

111.9 

122 

6 

16 

'  138.5 

121 

7 

16 

122.0 

122 

8 

16 

116.6 

118 

9 

16 

120.6 

123 

10 

16 

103.0 

111 

i 


Number. 

photometer. 

Bridge. 

Galvanometer. 

1 

82 

114.6 

102 

2 

82 

114.8 

106 

8 

32 

109.7 

100 

4 

82 

128.6 

112 

6 

82 

114.5 

112 

6 

82 

140.8 

113 

7 

32 

126.9 

110 

8 

82 

l-iO.4 

105 

9 

82 

126.5 

110 

10 

82 

109.7 

101 

(kuSi»  Poww. 


E.   THE   OANDLB   RECORD. 
1.  SDISOH  LAMP. 


LoninGnns. 


nmein  Kins. 


78 
84 


Loaa  per  Uin. 


0.2483 
0.2626 
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THE  ELECTBIC   UGHT. 
2.   8WAN  LAVP, 


16  and  82 

84.15 

126 

0.2695 

3.    LAKE-FOX    LAMP. 

16  and  32 

40,70 

153.75 

0.^647 

« 

4.    MAXIM   LAUP. 

16  and  32 


104 


0.2586 


2.  Methods  of  Cahulaiion. 

1.  Illiiminating  Pozoer, — The  standard  candle  should  bum 
7.776  grammes  of  spermaceti  per  hour,  or  0.1296  gramme  per 
minute.  The  two  candles  used  should  burn  0.2592  gramme  per 
minute.  The  corrected  candle  power  of  the  lamp,  therefore,  is 
obtained  by  the  proportion  :  As  0.2592  is  to  the  amount  actually 
burned  per  minute,  so  is  the  observed  candle-power  to  the  cor- 
rected candle-power. 

2.  Resistance  {hot). — From  the  theory  of  the  "Wheatstone's 
bridge,  the  resistance  of  either  side  is  equal  to  the  product  of 
the  adjacent  sides  divided  by  the  opposite  side.  In  the  bridge 
ixsed  for  the  measurement,  the  resistance  in  the  two  adjacent 
sides  were  950  and  5  olims.  Hence  by  dividing  their  product, 
4,750,  by  the  reading  of  the  variable  resistance  observed,  the  re- 
sistance of  the  lamp  hot  is  obtained. 

3.  Electro-motive  Force, — In  Law's  method  the  electrO'motive 
forces  are  proportional  to  the  multiplying  power  of  the  shunts 
employed.  Since  with  the  Daniell  cell  no  shont  was  med, 
the  multiplying  power  of  the  shunt  naed  wAi  tlia  lamD- 
current  represented  directly  the  electro-motr 

the  lamp,  in  terms  of  the  standard  celL 
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F>ower  of  a  ahtint  is  the  Bum  of  tlie  galvanometer  resistance, 

^•nd  the  shunt  resistance  divided  by  the  shunt  resistance.     In 

^liis    case  the  resistance  of  the  galvanometer  was  6,5i>0  ohms. 

^3eiice  if  S  represent  the  resistance  uf  the  shunt,  obtained  by  ex* 

6,5504-S     .„  ,      ,  .      ,  ^. 

riment, 5 —  will  represent  the  electromotive  force.    Since 


W. 


«  electro-motive  force  of  a  Daniell  cell  is  not  1  volt,  as  here 
tumedf  but  1.079  volts,  strict  accuracy  would  require  the 
Surca  given  to  be  increase*!  in  that  ratio.  Moreover,  tlie  small 
^t-mr  arising  from  the  inductive  action  of  the  needle  on  the 
^a-lvanometer-coils  has  been  regarded  as  unimportant. 

4.  Current — By  the  law  of  Olun  the  current  strength  is  the 
^^otient  of  electro-motive  foroe  by  resistance.  Dividing  the 
^Jectro-motive  force  iu  volts  by  the  resistance  in  ohms,  the  cur- 
•■^Tit-strength  is  obtained  in  amji^res. 

6-  Eledrical  Energy. — The  work  done  by  a  current  is  propor- 
onal  to  the  product  of  the  square  of  the  current-strength  into 
*«.«  resistance  of  the  circuit  Oi*,  since  the  electro- motive  force 
^^  e<^ual  to  the  product  of  the  current  strength  by  the  resistance, 
"^l^e  energy  is  represented  by  the  product  of  the  electro-motive 
*^*Xie  in  volts  by  the  current-strength  in  amperes.  Tl^is  gives 
*-u^  cner^  in  voltamjj^rea. 

O.  JUecftantcal  Energy. — Since  an  absolute  unit  of  work  is 
**^T»e  per  second  by  an  absolute  unit  of  electro- motive  force  in  a 
^'•"Ouit  of  one  absolute  unit  of  resistance,  1  volt-ampere  repre-senta 
"*-^'*  absolute  units  of  mecliaiiical  work  per  secorid,  or  0*101^2 
^*logram-metre.  By  multiplying  the  volt-ampferes  by  0*10192, 
^-^o  product  is  the  mechanical  work  done  in  the  lamp  in  kilogram- 
*^etres, 

7.  Lamps  per  fforsj  Power  of  Current'-'OTie  horse  power  is 

*  S  kilogram-metres  per  second.    By  dividing  75,  therefore,  by 

'■^c  numl>er  of  kilogram -metres  of  work  done  in  the  lamp  per 

*^cond,  the  quotient  is  the  number  of  such  lamps  maintained  by  a 

fiorsc  i>owcr  of  current. 

8.   Cnnilha  per   Horse   Power   of  Current — The   number    of 
cindle  lights  per  horse  power  of  current  is  obtained,  of  course, 
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^^H         by  multiplying  tho  number  of  lamps  per  horse  power  of  Gurrenl 

^^H         by  the  corrected  candle  power  of  each. 

^^H             9.  Normal  Lamps  per  Unrse  Power  of  Current — Conversely, 

^^H         by  dividing  the  number  of  candles  jior  horse  p<:)wer  of  current  by 

^^H         the  normal  value  of  the  lamp  in  standard  candles  (in  the  pre^ni 

^^H        case  16  or  82),  tbe  number  of  normal  lamps  per  horse  power  of 

^^^^^  current  is  obtained. 

^^^^1                                       S.   GulculaCed  ResuUs.                              ^^M 

^^^^P                                              A.  THB  EDISON  LAMP.                                   ^^H 

^                                                                               (a.)  AT  10  CUMOLUL                                                                 ^M 

^^m 
^^m 

Ciadlw 

(cur- 
raewd.) 

Ohau. 

VolU. 

Ampini. 

Volt- 

ETlofnio- 
ni4u«». 

BofM 

Powtf. 

12.88 

Power. 

3i.7S 

136. 7 

88.33 

0.646 

07.08 

6.810 

ISO. 8 

^^m 

14. 6& 

135,7 

89.61 

0  660 

69.06 

6.020 

11.46 

IM.O 

^^m 

15.33 

156.7 

89.51 

0.676 

61.46 

5.246 

14.28 

318.1 

^^m 

16. 3S 

147.3 

90.73 

0.616 

66.88 

6.697 

IS. 16 

201.8 

^^m 

1R.81 

143.2 

90.73 

0.638 

67.88 

5.001 

13.71 

200.S 

^^m 

16.04 

132.0 

90.73 

0.687 

62.36 

6.857 

11.60 

188.S 

^^m 

14-85 

Hit  8       84. S7 

0.065 

65.63 

5.671 

13.33 

305.0 

^^H 

16.33 

m.7        83,33 

0.C41 

66.67 

6.777 

12.98 

100.0 

^^m 

16.76 

126.6        89.61 

0.707 

63.29 

0.453 

11.62 

104.9 

^^m 

15.33 

126.0        89.61 

0.710 

63.45 

0.469 

11.60 

177.1 

^^^^^                                              A.  TDK  EDISON  LAMP.                                          ^m 

^^^^^V                                                                                           CAVDLE0.                                                                ^H 

^^H 

^^B 

CuiJIrt 

nor- 
rectrf.) 

Otimt. 

VoU*. 

AmpJrM. 

VoIU 

Amp^raa. 

KUofnun 
mmcs. 

Lamp*  per 
Powrr. 

per  Botw 
391.0       1 

31.11 

127.7 

100.20 

0.7S6 

78.70 

6  023 

0.36 

^^1 

31.11 

137.7 

101. SO 

0.797 

81.11 

8  260 

8.07 

3M.I    _,, 

^^H 

31.11 

147.6 

100.20 

0  679 

68,12 

6.946 

10,80 

8SS.||^ 

^^H 

31.11 

138. S 

103.30 

0.74S 

71.12 

7.863 

9.64 

306.  ^B 

^^H 

31.11 

134.8 

98.76 

0  733 

72.38 

7.868 

in. 18 

SIO.^B 

^^B 

31.11 

136.3 

05.83 

0.7C5 

73.42 

7.486 

10. n3 

Sll.^B 

^^H 

31.11 

138.  i 

OS.  93 

0.778 

74  69 

7,00* 

0.86 

aoo.^B 

^^B 

31.11 

130.8 

D6.93 

0.733 

70.32 

7.1119 

10,46  ,     SSS.^H 

^^H 

81.11 

138.1 

»&.93 

0.78fi 

7S.36 

i.ees 

n    Mr            KAK   ^^^H 

^^B 

Bl.U 

133.4 

d6.93 

0.T84 

75,17 

7.03S 

1 

J 

1 

1 
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■ 

^209^^H 

1 

1 

B.  THE  SWAN  LAMP. 

1 

^1 

^^ 

(a.)  at  is  c-iirDU!:K. 

H 

^^^^ 

^^1 

^»o. 

1     CftodlM 

Oluxts. 

Vollt. 

Ant]>0r«a. 

Voll- 
Ainpi}r« 

EnoKnin- 
mdtrw. 

l«CDp«pQr 

Home 

Power. 

per  Ilotve  ^^H 
Power.                     ^^H 

1 

16.61 

30.76 

49.16 

1.237 

60  80 

6.199 

12.10 

^^1 

3 

16.61 

20.38 

4S.17 

1.536 

72.67 

7.399 

10  H 

^^1 

3 

u  ei 

31. »2 

48. SI 

1.S2S 

74.63 

7.609 

9.86 

163.7                  ^^1 

4 

16.61 

41. 8S 

64  Gif 

1.307 

71.47 

7.286 

10.29 

^H 

6 

16.61 

33.  &6 

49.83 

l.53i 

76.42 

T.791 

9.  S3 

^^1 

1           S 

16.61 

38.00 

48.47 

1.246 

60.38 

6.1&6 

12.18 

^^M 

1 

16.S1 

20.74 

37.69 

1.812 

68.13 

6.946 

10.80 

^^M 

8 

16.61 

3S.ie 

46.17 

1.313 

60.64 

6.182 

12.13 

^^M 

9 

16.61 

39.76 

45.  BS 

1.640 

70.62 

7.201 

10.41 

^^M 

16.61 

27. 2H 

46.17 

1.662 

76.76 

8.824 

9.69 

^^m 

B.   THE  SWAN  LAMP. 

1 

. 

(b.)  AT  32  OAK0I.I8. 

1 

"o. 

leor- 
VKtcd.) 

Obmi. 

1 

Volti.       Amp^TM. 

Volt- 
Ainp4rM. 

Klloffmii- 
in4tr«H. 

LAmp«por 

Hotm; 

Power. 

per  UorBO  ^^^H 
foww.                     ^^H 

-— — 

^ 

^^H 

1         I 

33.21 

39.36 

&5.I3 

1.401 

77.23 

7,81 

9.836 

316.4                         1 

33.21 

2B.41 

&4.69 

1.928  ,  108.30 

10.73 

6.988 

232.1                          ■ 

33.21 

30.61 

Kfi.lS 

1.801 

99.31 

10.12 

7.407 

246.0                          ■ 

33.S1 

40.05 

57.47        1.403 

80.64 

8.23 

9.122 

302.9                          M 

SS.Sl 

30.  ;i 

67.96        1.S88 

109.40 

11.16 

6.726 

223  3                  .^H 

I      33.11 

36.62 

&&.&& 

1.614 

84.36 

B.OO 

6.720 

^^1 

33.11 

20.09 

45.83 

2.288 

104.00 

10.70 

7.010 

^^1 

33.31 

34.  M 

62.17 

1.610 

78.79 

8.03 

8.337 

^^1 

1     38.21 

29.14 

62.67 

1.804 

94.86 

9.67 

7.786 

^^1 

*  1    83.21 

27.11 

6B.68 

2.080 

114.00 

11.62 

6.486 

^^m 

L 

L 

J 
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a     THE  LANE-FOX  LAMP. 

(a.)  AT  16  OAXDLBS. 


No. 

Cudlfls 
(cor- 
rected) 

Ohma. 

Volte. 

Amp^re^. 

Volt- 
Amp^res. 

Knogrun- 
nidties. 

Horw 
Pownr. 

CandlM 

per  Hons 

Power. 

1 

16.36 

27.63 

44.65 

:.6I7 

72.25 

7.366 

10.16 

166.6 

2 

16.36 

28.16 

46.17 

1.640 

76.72 

7.719 

9.72 

168.9 

3 

16.36 

26.76 

41.68 

1.669 

64.96 

6.623 

11.33 

185. S 

4 

16.36 

27.66 

42.72 

1.644 

66.97 

6.726 

11.16 

183.4 

5 

16.36 

37.78 

42.99 

1.548 

66.62 

6.782 

11.06 

180.9 

6 

16.36 

26.07 

42.99 

1.715 

73.72 

7.616 

9.98 

163.1 

7 

16.36 

26.  &4 

42.99 

1.620 

69.64 

T.lOO 

10.56 

173.8 

8 

16.36 

26.23 

40.94 

1.561 

63.90 

6.515 

11.61 

188. S 

9 

16  36 

29.37 

45.86 

1.661 

71.60 

7.300 

10. 37 

168.1 

10 

16.36 

28.85 

45.26 

1.569 

71.02 

7.240 

10.36 

169.4 

C.    THE   LANE-FOX   LAMP. 

(&.)   AT  32   CANDLEB. 


No. 

Candles 
(cor- 
rected.) 

Obms. 

Volta. 

AmpHna. 

Volt- 
Ampdrea. 

Eilofnvm- 
metrea. 

9.406 

[dmpeper 
Horee 
Power. 

Cuidlee 

per  Hone 

Power. 

1 

32.71 

26  68 

49.52 

1.863 

92.25 

7.98 

360.9 

2 

32.71 

27.07 

61.78 

1.913 

99.04 

10.100 

7.43 

343.0 

3 

32.71 

26.09 

44.96 

1.723 

77.47 

7.898 

9.50 

810.1 

4 

32.71 

27.11 

45.26 

1.669 

75.56 

7.702 

9.74 

318.8 

S 

32.71 

27.04 

46.80 

1.731 

81.03 

8.261 

9.08 

397. 1 

6 

32.71 

24.70 

46.80 

1.896 

88.69 

9.042 

8.30 

371.4 

7 

32.71 

25.51 

49.16 

1.927 

94.74 

9.669 

7.77 

SM.O 

8 

32.71 

26.75 

46.86 

1.781 

81.70 

8.330 

9.00 

S94.6 

9 

32.71 

28.39 

50.26 

1.770 

86.93 

9.066 

B.3T 

STtt.1 

10 

32.71 

27.63 

51.78 

1.876 

97.07 

9.896 

7.M 

UI.9 
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D.  THE   HAXIM   LAMP. 

(a.)   AT   16  CANDLES. 


».. 

Candle* 
(cor- 

neted). 

Ohmi. 

Voltfl. 

Ampdrea, 

Volt- 
Ampdrea. 

Kllogfam- 
metrea. 

Lam  pa  per 
Horae 
Power. 

Candle« 

per  HofM 

Power. 

1 

15.96 

42.49 

67.96 

1.364 

19.06 

8.060 

9.305 

148.6 

3 

16.96 

43.68 

66.04 

1.313 

73.69 

7.603 

9.996 

159.6 

3 

IS.  96 

44.73 

60.01 

1.343 

80.61 

8.208 

9.137 

146.9 

4 

16.96 

38.09 

66.68 

1.469 

81.11 

8.269 

9.070 

144. 8 

& 

16.96 

42.46 

64.69 

1.288 

70.46 

7.183 

10.440 

166.7 

6 

16.96 

36.10 

66.13 

1.671 

86.61 

8.830 

8.494 

136.6 

1 

16.96 

38.94 

64.69 

1.405 

78.62 

7.832 

9.677 

152.9 

8 

16.96 

41.09 

66.61 

1.376 

77.71 

7.923 

9.466 

161.1 

9 

16.96 

39.39 

64.26 

1.377 

74.73 

7.619 

9.844 

167.2 

10 

16.96 

46.12 

60.01 

1.301 

78.09 

7.961 

9.421 

160.4 

D.   THE   HAXIH   LAMP. 
(6.)   AT   33   CANDLES. 


I 


Wo. 

Candlea. 

Ohm  a 

Volts, 

Ampdrea. 

Volt- 
Ampdrea. 

Ktlogram- 
tnetrea. 

Lampaper 
Horse 
Power. 

Candles 

per  Horse 

Power. 

1 

31.93 

41.45 

65.22 

1.573 

105.00 

10.710 

• 
7.006 

223.7 

2 

31.93 

41.34 

62.79 

1.519 

95.38 

9.724 

7.713 

246.3 

3 

31.93 

43.30 

66.50 

1.536 

102.10 

10.410 

7.203 

230.0 

■4 

31.93 

36.94 

69.48 

1.610 

95.79 

9.766 

7.680 

345.2 

ft 

81.93 

41.49 

69.48 

1.434 

85.29 

8.695 

8.625 

275.4 

« 

31.93 

33.74 

68.96 

1.743 

103.00 

10.510 

7.138 

227.9 

» 

81.93 

37.43 

60.54 

1.617 

97.93 

9.984 

7.512 

339.8 

ft 

81.98 

89.46 

63.38 

1.607 

101.80 

10.380 

7.226 

230.7 

« 

81.98 

37.66 

60.64 

1.612 

97.62 

9.954 

7.636 

240.6 

10 

81.88 

48.30 

66.86 

1.631 

100.20 

10.210 

7.346 

234.5 

THE  ELECTRIC  UOHT. 
4.  Summary  of  Results. 

(a.)  AT   16  CANDLES. 


Candles 

Ohms 

Voltg 

Ampdres 

YoIt-Amp4res 

Kilogram-metree 

Lamps,  per  horse  power. . 

Candles,  per  horse  power. 

Lamps  of  16  candles  per  ) 

horse  power.  J 


Edison. 

Swu. 

Luw-Fox. 

16.38 

16.61 

16.86 

137.4 

32.78 

ST. 40 

89.11 

47.30 

43.63 

0.641 

1.471 

1.68S 

67.98 

69.24 

69.63 

5.911 

7.069 

7.089 

12.73 

10.71 

10.61 

196.4 

171.92 

173.68 

13.28 

11.12 

10.86 

1B.96 

41.119 

66.49 

1.38 

18.06 

T.93 

9.48 

161. tie 

9.46 


(&.)   AT   32   CANDLES. 


Candles 

Ohms 

Volts 

Amperes 

Volt-Ampires 

Kilogram-metres 

Lamps,  per  horae  power. . 

Candles,  per  horse  power. 

Lamps  of  32  candles  per  ) 

horse  power.  f 


Edison. 

Swsn. 

Lane-Fox. 

31.11 

33.21 

83.71 

130.03 

31.76 

26.69 

98.39 

64.21 

48.32 

0.7685 

1.768 

1.816 

74.62 

94.88    , 

87.66 

7.604 

9.67 

8.936 

9.88 

7.90 

8.47 

307.26 

262.49 

276.89 

9.60 

8.20 

8.66 

31.93 
39.60 
63.37 

1.678 
98.41 
10.03 

1.60 
S39.41 

1.48 


VL — CONCLUSIONS. 

The  following  conclusions  seem  to  be  sustained  by  the  zasnlti 
whicb  have  now  been  given : — 

First — The  maximum  efficiency  of  incandescent  lamps  ill  tiw 
present  state  of  the  subject,  and  within  the  experimentkl  fiaifili 
of  this  investigation,  cannot  be  assumed  to  exoeed  800 
lights  per  horse  power  of  current 
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SeoimcL — The  economy  of  all  lamps  of  this  kind  is  greater  at 
high  than  at  low  incandescence. 

TTiird. — The  economy  of  light-production  is  greater  in  high 
r^esistance  lamps  than  in  those  of  low  resistance,  thus  agreeing 
'V^ith  the  economy  of  distributioD. 

fourth. — ^The  relative  eflGiciency  of  the  four  lamps  examined, 
«!3cpressed  in  Carcel  burners  of  7.4  spermaceti  candles  each,  pro- 
duced by  one  horse  power  of  current,  is  as  follows : — (A.)  At  16 
candles:  Edison,  26.6;  Swan,  24;  Lane-Fox,  23.5 ;  and  Maxim, 
20.4.  (B.)  At82candles:  Edison, 41,5 ;  Lane-Fox,  87.4 ;  Swan, 
35.5 ;  and  Maxim,  82.4.  To  double  the  light  giren  by  these 
lAmps  the  current  energy  was  increased,  for  the  Maxim  and 
Xiane-Fox  lamps,  26  per  cent ;  for  the  Edison  lamp,  28  per  cent ; 
and  for  the  Swan  lamp,  87  per  cent 


CHAPTER    VI. 


ARC  AND  INCAMlKSOENT  UGHT  LAMfS,  OAXDLES  AND 
RKGUI*ATOR& 


THE   WEBDERMANN    KI.ECTRIC   LASCP. 

The  Wenlerraann  electric  lamp  partakes  of  the  nature  both 
of  an  incandescent  and  of  a  voltaic  arc  lump,  and  uonBtUutcs  an 
intermcxUate  system  wfaicli  ought  to  fulfil  certain  s|)ecia]  oondi- 
tions.  The  invention  consists  in  keeping  a  small  vertical  pencil 
of  carbon  in  contact  with  a  large  horizontal  disk  of  the  same 
material  above  it. 

Referring  to  No.  1  of  Figure  162,  which  shows  the  ordinary 
arrangement  of  carbons  in  an  electric  lamp,  it  is  well  shown  that 
when  the  passage  of  the  current  is  such  that  the  lop  carbon  is  a 
positive  pole,  the  end  of  this  carbon  becomes  cup-shaped,  while 
the  end  of  the  other  carbon  becomes  pointed  by  the  action  of  the 
current  By  increasing  the  lower  carbon  considerably  in  sec- 
tional area,  Mr.  Werdermann  found  that,  with  the  same  amount 
of  current  passing,  it  was  necessary  in  order  to  maintain  the  ood- 
tinuity  of  the  arc,  to  place  t^e  two  carbons  closer  together;  he 
also  noticed  (as  a  curious  foot)  that  a  little  cylindrical  pimple  of 
carbon  was  formed  in  the  middle  of  the  lower  carbon  electrode, 
as  shown  by  the  figure,  also  the  end  of  the  upper  carbon  tended 
to  spread  out  On  still  further  increasing  the  size  of  the  lower 
electrode,  it  was  found  necessary  to  bring  the  two  carbona  ctiU 
closer  together,  in  order  to  maintain  the  continuity  of  the  on:; 
the  little  cylindrical  pimple  then  became  mi  '         "  -.-r,^ 

and  the  end  of  the  upper  carbon  spread  out  .^i  ,r 

the  lower  carbon  was  still  further  enlarged,  so  that  it  Knr  > 
tional  area  sixty-four  times  as  brge  as  that  of  ih' 


_^^  previously  tendeci  to  sprea*!  out,  now  took  a  pointed  form. 
^^  Ixen  actual  contact  took  place  the  little  pimple  of  carbon  dia- 
*Pp€areU,  and  a  brilliant  light  waa  given  out  by  the  incandes- 
^^t  point 

Noa.  5,  6,  and  7  of  Fig.  162  show  what  occtirred  when  the 
Wger  carbon  formed  the  poiiitivc  pole.     Under  these  conditions 
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the  end  of  the  small  electrode  became  heated  to 
only,  while  a  email  portion  only  of  the  large  electrode 
heated  to  a  white  heat  by  the  passage  of  the  curretit;  I 
also  the  case  when  the  upper  electrode  was  increased  ini 
the  two  carbons  had  to  be  approached  closer  together  in 
maintain  the  arc.  When,  however,  the  upper  carbon 
creased  to  such  a  size  that  continuity  could  only  be  nut 
by  actual  contact,  theu  a  curious  change  took  place  j  tb 

4  3  (3  ■  5 


RED  ucir. 


COUlL. 
/%.  162. 


wuixu  Ag 


carbon  no  longer  glowed,  but  the  point  of  the  smaller 
previously  only  red  hot,  now  became  white-hot,  and  i 
the  conditions  shown  by  Na  4.  The  light  given  out  wl 
larger  carbon  formed  the  positive  pole  was  found  to  be  n 
so  great  as  when  it  formed  the  negative  pole  The  hea 
almost  entirely  confined  to  the  smaller  carbon,  the  lai 
was  not  consumed  to  any  appreciable  extent 
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During  tlie  whole  time  that  the  smaller  carbon  burns,  it  retains 
ltd  pointed  form,  and  a  smflll  electric  arc  is  plainly  visible  rouud 
the  points  of  tioutAct  of  the  two  carbouA  The  greater  pait  of 
the  light  given  out  is  produced  by  this  small  ore 

In  accordance  with  the  foregoing  results,  Mr.  "Werdermonn 
oonstructs  his  lamps  in  the  following  manner: 

Ho  places  the  negative  electrode  uppermost,  giving  ittlie  form 
of  a  solid  disk  of  carbon,  about  two  inches  in  diameter  and  one 
inch  thick.  This  is  encircled  by  a  band  of  copper  ribbon  and 
prolonged  to  a  terminal  to  which  one  of  the  machine  wires  is 
attached  The  lower  or  positive  carbon,  whiirh  is  a  thin  round 
pencil,  one  tenth  of  an  int-h  in  diameter,  is  placed  vertically 
beneath  the  negative  electrode,  in  a  tube  up  which  it  slides. 
Tliis  tube  has  a  prolongation  of  thick  copper  divided  in  two 
pans,  and,  pressing  against  the  pencil  imd  forming  contact  with 
it,  this  forms  the  other  terminal  of  the  lamp. 

The  lower  carbon  is  kept  in  contact  with  the  upper  one  by 
<hain9  attached  to  its  lower  extremiij-,  coming  up  over  pulleys 
and  down  again  to  a  counterbalance  weight,  which  always  keeps 
the  point  of  the  pencil  in  gentle  contact  with  tlie  disk  as  the 
iormcr  gradually  burns  away. 

By  referring  to  the  sketch,  Fig.  161,  the  general  idea  of  the 

lamp  will  be  seen  at  a  glanca     a  is  the  negative  carbon,  h  is  the 

3)encil  sliding  in  the  tube,  c,  and  gripjHHl  at  the  top  of  the  tube, 

l)y  the  split  contact  piece,  the  pressure  of  which  is  regulated  by 

the  spring,  d.     The  conductors,  e,  form  part  of  the  lamp  post 

Twving  terminals  at  the  bottom,  and  one  is  connected  U)  the  tube, 

the  other,  by  means  of  the  semicircular  pietie  of  metiil,^^  to  the 

upper  carbon ;  /  is  hinged  for  the  piir|>ase  of  moving  away  the 

negative  disk  when  a  globe  is  to  be  put  on  the  lamp. 

The  tul>o  is  shown  in  perspective  for  the  sake  of  greater 
clearness. 

Fi^'ure  163  shows  the  connections  of  ten  lamps  supplied  from 
a  Gramme  machine. 
The  thick  wirc«  -}-  and — arc  the  cables  connecting  the  lamps 
t.ho  Gnunme  machine,  the  first  lamp  on  the  positive  being 
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the  last  on  the  negative.     The  spirals,  «,  are  equal  rcsistanc 
placed  in  the  circuit  of  each  lamp  for  the  purpose  of  rendering^ 
any  variaiioti  in  ilie  contact  or  pi-essiire  of  the  two  (airboua  leas 
appreciable  to  the  piissjigo  of  the  bra.nch  currents. 

The  resistance  of  the  large  lamp  is  rather  less  than  that  of 
the  small  onea  In  the  10  small  lamps  the  carbon  pencils  buru 
away  at  the  rate  of  about  2  inches  per  hour. 

The  average  resistance  of  each  Ruiali  lamp,  including  ih© 
extra  resistance,  a,  is  0.392  ohm ;  5  lights  parallel  Ls  .076ohm  ; 
10  ligiits  parallel,  as  exhihiied,  is  0.0S7  ohm. 

The  large  lamps,  having  jwjncils  of  4^  ninu  diameter,  bom 
from  2i  to  3  inches  per  hour. 


PX' 


a-i 


a^ 


05 


Fi'j.  163. 

The  carbon.s  aro  manufactured  in  Paris  in  lengths  of  about  one 
yard,  !ind  at  a  cost  of  aliout  20  cents  per  yard,  which  length 
would  keep  up  a  light  for  12  hours. 

The  negative  disks  are  of  ordinary  battery  carbon,  and  the 
■weight  required  to  keep  carbons  in  contact  is  about  IJ  lbs. 

Tlie  length  of  carbon  protruding  Irom  the  tube  and  made 
incandescent,  is  £  of  an  inch,  but  this  length  can  be  varied  at 
pleasure.  However  many  light*  mfiy  l>e  pvit  in  circuit  tlic  ex- 
tinction of  one  or  more  will  not  affect  the  rest,  a  switch  armnge- 
ment  attached  to  each  lamp  effecting  all  that  is  requiro<l  for  the 
r^ulation  of  the  current. 

Then  again,  by  this  system,  all  the  lamps  are  lighted  Bimul-* 
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taceously,  aud  caa  all  be  as  readily  extinguished,  and  again  re- 
lighte'J. 

Two  t«U  lamps  for  outdoor  lighting,  connected  in  parallel 
circuit,  give  a  light  estimated  at  800  candles  each. 

The  lamps  liave  no  globes,  and  tlie  lights  arc  wonderfully 
clear,  of  a  pure  color,  and  perfectly  fiee  from  the  blue  or  purple 
rays  go  often  seen  in  the  electric  arc,  and  are  remarkable  for 
steadiness  of  burning,  tliere  being  an  entire  absence  of  any  jump- 
ing or  flickering. 

The  ten  small  lamps  were  estimated  to  give  about  40  candles 

each ;  each  one  burned  with  the  same  brilliancy  aud  steadiness. 

In  regard   to  the  strength  of  this  light,  one  object  of  the 

ixkventor  is  to  moderate  the  intensity,  so  as  to  avoid  havingany  of 

tlae  illuminating  i>ower  reduced  by  covering  the  lamps  with  opal 

oi:  ground  glass  globes,  as  in   other  systems.     The  two  large 

Isxmpa  tJid  not  dazzle  the  eyes,  there  being  no  change  of  color 

£Xxid  no  jumiiiug,  so  it  is,  therefore,  the  iutentloa  tf  Mr.  Werder- 

■»nann  to  use  ordinary  glass  globes,  so  that  scarcely  any  losa  of 

li  ght  will  be  incurred- 

To  some  questions  put  to  him  by  a  gas  engineer,  Mr.  Werder- 

**iaDn  aptly  compared  the  quantity  of  current  with  the  quantity 

^i>  f  a  gas  holder,  and  the  electro-motive  force  of  the  current  to  the 

t:>reasure  ofgas.     For  instance,  if  a  gas  holder  held  suflTicient 

i^^fls,  and  had  enough  pressure  to  supply  100  burners,  it  would 

^t>e  neeessjiry  to  increase  the  quantity  and  pressure  of  the  gas  to 

^i^ually  light  200  jets.     It  is  the  same  with  the  electric  light.     If 

'^^ith  one  machine  of  given  quantity  and  electro- motive  force, 

^00  lights  can  be  produced,  then  if  200  lights  are  required,  we 

«imst  have  a  machine  with  a  greater  qiuintiiy  of  curreut  (cor- 

"Vwponding  to  the  capacity  of  the  gas  holder),  and  with  greater 

«!lectro 'motive  force  to  corry  the  lights  further  oway  (answering 

to  the  pressure  of  gas). 

The  Wenlermann  electric  lamp  has  recently  been  brought  out 
in  a  new  form  at  Paris  hy  its  inventor,  and  one  which  is  a  great 
improvement  on  the  original  raotlel.  In  the  new  form  (Figure 
1(34),  the  inventor  has  endeavored  to  regulate  the  pressure  of 
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Etu  been  dtectod  beforehand  by  means  of  the  counterpois& 
In  mouure  as  the  carbon  wastes  away,  the  lateral  contact 
looseoe  a  Utile,  aud  allows  the  carbou  n.Kl  to  move  upward. 
In  this  ftrrat^ment,  which  ]}ermit3  of  very  light  contacts  be- 
Iween  tlia  md  and  ih©  disk,  there  is  never  any  breaking  of  the 
point,  but  there  is  a  regular  wear,  and  consequently  a  great 
KeadiDeaB  of  the  light 

As  several  lamps  are  mounted  in  tension  in  the  same  circuit, 
ifone  of  them  should  bo  extinguished,  it  is  necessary  that  it 


Pig.  168.  Ftg.  166. 

MOQJd  be  at  once  thrown  out  of  the  circuit  to  prevent  the  ex- 
"nguishment  of  the  rest  This  result  is  obtained  by  the  same 
*^  which  serves  to  press  on  the  lateral  contact  When  the  rod 
^  ao  longer  resting  against  the  disk,  the  latter  descends,  and  the 
^^'cr  strikes  against  a  metallic  catcli,  which  establishes  a  direct 
ttHomanication,  and  throws  the  lamp  out  of  the  circuit  At  a 
'Went  experiment  at  the  Paris  Opera  House,  twelve  of  these 
laaipe,  slightly  modified  for  the  occasion,  were  grouped  on  four 
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lusters,  and  were  supplied  by  two  Gramme  machines,  e; 
having  in  its  circuit  aix  lamps  mounted  in  tension.  In  t^ 
absence  of  photometric  measurements,  it  ia  At  present  impossil 
to  give  an  opinion  as  to  the  economic  value  of  the  lamp  unc 
constderution,  and  unfortunately  the  want  of  just  Buch  data 
too  frequent  at  a  time  when  with  every  invention  is  connect 
the  question  of  dollars  and  cent&  Mr.  Werdermann  propa_  * 
to  apply  his  apparatus  to  domestic  lighting.  Figure  165  rep«"  ^ 
sentR  a  wall  lamp,  and  Figure  l(i6  a  hanging  lamp,  which  she--** 
how  the  api>aratua  may  be  constructed  for  decorative  purpoaw < 


Fi.j,   J 67. 


although  these  particular  forms  leave  much,  to  b©  desired  from 
on  artistic  point  of  view. 

THE  BKTyiER  ELECTRIC  LAltP. 

The  Reynier  lamp  may  be  considered  an  intermediate  system 
between  the  voltaic  arc  and  the  incandescent  light  in  a  v»cuuaL 
The  light  furoishod  by  this  lamp  is  white,  and  more  powerful 
than  the  iucaudescent.  Some  improvements  have  lately  been 
effected  in  this  lamp,  which  was  pateutwl  in  1878.  Figures  IflT 
and  168  will  illustrate  the  priiicifile  and  form  of  the  original 
lamp,  which  may  be  briefly  dcfcribed  as  follows :  Tf  a  small 
carbon  pencil  is  pressed  laterally,  by  an  elastic  contact,  and 


Fig.  16S. 


"^11  beoome  incamiescent  in  that  part,  and  will  burn  and  grow 

~%iiinner  towanU  the  end.     The  objections  to  these  lamps  are: 

the  contacts  make  too  much  shadow,  derive  a  certain  degree  of 

^wlii.>at  by  conductibili^,  and  tbe  action  of  the  lateral  contact  ia 

^r^'cry  delicate. 

Tbe  elevation  of  Urn  temperature,  at  the  jioint  arising  from  the 
imperfect  coMtait,  Mr.  Beynter  believes  he  can  make  use  of  in  an 


^f^g.  161*. 
,    '  acor 


/V-  I'o 


Fig,  ni. 


'  Bcont  lamp  in  vacuum,  by  making  a  grapbite  conductor 
'inral  jiarts,  or  slices  (figure  169)  and 
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tightening  them  to  a  moderate  degree  between  two  contacts, 
making  his  lamp,  however,  he  met  with  some  practical  difficnl* 
ties,  and  then  he  fonne<l  the  idea  of  having  the  inj|>erfect  con- 
tacts suijerposcd  in  an  incandewent  lainp,  in  free  air,  and  hav- 
ing the  carbon  pencils  automatically  renewed,  according  as  they 
wore  out 

For  this  purpose  ho  uses  several  carbon  rods,  arranged  in  fan 
form  (figure  170)  at  their  base,  between  two  fixe<l  ooniacis, 
wliich  bring  on  the  cnrrent  n  carbons,  furnish  n-j-I  contacts, 
the  carbons  following  one  another,  and  lying  like  the  vov 
of  an  arch. 


The  armngement  indicated  in  figure  170  is  only  realizable 
with  very  thin  carbons  in  the  transverse  direction ;  carbons  of 
round  or  square  section  take  a  wolf's  tooth  furui  (tigure  171) 
which  is  unfavorable  to  the  luminous  ciToct  of  tho  apparatus,  for 
the  points  relatively  cold  which  stand  out  from  the  dtssi^Tittd 
conductor  are  the  seat  of  a  very  important  supertluou**  c-mi-i-^ion 
of  heat 

This  difficulty  has  been  met  by  using  a  sectioned  -r 

in  broken  lino  (figure  172).     The  current  tmverscfi  ......   .A 

obliquely,  and  leaves  no  points  outside  of  the  circuit.     This 
arrangement  ixKiuires  a  lamp  of  triangnlnr  form,  llat^  and  mudi 
too  wide  in  the  upper  part  (figure  178) ;  but  witb  vcr*' 
bons,  the  system  will  be  simpliiied.  

m 
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I     OJ 


Itff.  17T. 


the  points  are  facing  each  other  and  Uic 
pencila  are  brought  together  to  touch  at 
one  point.  The  points  being  free,  tlicy  can 
rest  upon  two  contacts,  A  and  B  (figure 
175),  and  tbua  obtain  an  incandeecent  sys- 
tem iu  ^hich  the  eleotric  current  IraTerscft 
Buccessively,  in  the  oj>posito  direction,  the 
two  pointed  ends  pasysiing  from  one  to  the 
other  by  their  lateral  mutual  contact 

To  maintain  the  parts  in  this  conditioo, 
notwithstanding  the  combustion  of  the 
point*,  it  is  necessary  to  coutiuuoualy  impel 
the  carbons  iu  a  longitudinal  direction,  and 
to  give  to  the  supptirtiiig  contacts  a  suitable 
obliquity  (figui-e  176) ;  the  rods  ought  alw 
to  be  guided  in  their  common  plana  Under 
these  conditions,  the  pointed  form  is  main- 
tained; the  carbons  continue  to  impinge 
upon  their  respective  contacta,  and  to 
touch  each  other  at  a  certain  distance  above 
the  points.  Figure  177  represents  one 
jH-actical  form  given  to  the  apparat 
The  carbons,  A  and  B,  are  reaijectivcly  ii 
pelled  by  weights,  P  and  Q,  sliding  ujx 
two  metallic  guides,  C  and  D.  Thcobliql 
contacts,  K,  F,  are  two  shceta  of  copper, 
fixed  upon  bronze  arcs,  G,  H.  Two  paini 
of  insulated  clampe,  I  and  J,  connect  the  two 
halves  of  the  lamp ;  the  first  pair  is  of  wood, 
the  second  is  of  slate,  nnd  forms  a  slot,  - 
guides  the  two  carbons  in  their  coii....^ 
plana 

llie  weights,  V  and  Q,  are  insu' 
tlie  carbon*  which   ihuy    impiil,  ij 
cai>3,  r  and  s. 

The  eleclric  cun-ent,  cnterii 
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minal  Ky  follows  the  brass  guide,  C,  the  bend,  G,  the  contaot, 
K,  goes  up  the  pointed  extremity  of  the  carbon,  A,  passes  over 
the  contact,  x,  descends  by  tlie  carbon  end,  li,  and  follows  the 
contact,  F,  the  bend,  A,  and  the  guide,  D,  to  the  terminal,  L. 

The  two  extreme  contacts  make  little  shadow;  the  middle 
contact  causes  on  loss  of  heat  or  light,  and  usefully  increases 
tlte  total  resistance  of  the  lamp. 

This  combination  of  the  two  incandescent  points,  close  to- 
gether, and  the  three  neighboring  contacts,  produces  a  concen- 
tration of  heat  that  favors  the  luminous  i>ower.     Tlie  light  has 
£^at  fixity,  comparable  to  that  of  the  vacuum  incandescent 
iufnp,  and  is  whiter;  analogous  to  that  of  the  arc,  while  it  is 
/i-ee  from  il«  troublesome  variations  of  color  anJ  constancy. 

The  lamp  is  worked  with  pretty  intense  currents — 30  to  40 
Q-mpf^res — but  requires  only  a  small  electro-motive  power — 8  to  10 
"volta  A  small  number  of  accumulators,  or  large  surface  piles, 
"VwilU  therefore,  be  Hufficient  to  supply  such  a  lamp.  More  ex- 
tended experiments  will  enable  us  to  form  a  more  decided 
opinion  as  to  the  merits  of  the  system,,  which,  it  is  claimed,  will 
V^c  superior  to  the  weaker  arc  lights. 


SOLIGXAC'S  NEW  ELECTRIC  LAMP. 

When  it  becomes  a  question  of  practical  lightinjr,  it  is  very 

<:!ertain  that  the  best  electric  lamp  will  be  the  one  that  is  most 

simple  and  requires  the  fewest  mechanical  parts.     It  is  to  such 

simplicity  that  h  due  all  the  success  of  the  Jablochkoff  candle 

and  the  Eevnier-Werdermann  lamp.     Yet,  in  the  former  of 

tiiese  lamps,  it  is  to  be  regretted  that  the  somewhat  great  and 

variable  resistance  opposed  to  the  current  in  its  jxassage  through 

two  carbons  that  keep  diminishing  in  length,  in  measui*©  as  they 

bam,  proves  a  cause  of  loss  of  light  and  of  variation  in  it.     And 

3t  is  also  to  be  regretted  that  the  duration  of  combustion  of  the 

carbons  is  not  longer ;  anrl.  !'     "     it  is  allowable  to  believe  that 

the  power  empIoyeiJ  in  Vf- .  _-  the  insulator  placed  between 

the  carbons  ia  prejudicial  lo  the  economical  use  of  this  system. 
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In  order  to  obviate  this  latter  inconvenience,  an  endeavor  ba^^ 
been  niade  in  the  Wilde  caudle  to  do  away  with  the  in?u!ator^-H 
but  the  results  obtained  have  scarcely  been  encouraging.     Ai»— | 
endeavor  has  also  been  made  to  render  the  duration  of  th^^ 
carbons  greater  by  employing  quite  long  ones,  and  causing  ihe-s* 
to  move  forward  successively  through   the   intermedium  of  tu  • 
sjxKiies  of  rollers,  or  of  counterpoises,  as  in  the  lamps  of  Mer- 
sanne  and  Werdermann ;  but  then  the  system  becomes   more 
complicated.     Finally,  in  order  to  keep  the  resistance  of  the 
carbons  at  a  minimum  and   constant,  their  contact  with   the 
rheophores  of  the  circuit  has  been  established  at  a  short  distance 
from  the  arc,  and  this  is  oue  of  the  principal  advantages  pos- 
sessed by  the   Rcyiiicr-Wcrdermann   svstem.      At   one   tira» 
it  was  thought  that  the  problem  might  be  simply  solved   by- 
arranging  in  front  of  each  other  two  carbons  actuated  by  a  spiral 
spring,  as  in  car  lamj>s,  and  kept  at  a  proper  distance  apart  for 
forming  the  electric  arc  by  two  funnel-shaped  pieces  of  calcined 
magnesia,  into  whioli  they  entered  like  a  wedge  in  metwure  as 
their  conical  point  wore  away  through  combustion.     This  was 
the  system  of  Afr.  De  Baillehacbe,  and  the  trials  that  were  made 
therewith  were  very  satisfactory.     But,  unfortunately,  the  mag- 
nesia was  not  able  to  resist  very  long  the  temperature  to  which 
it  was  submitted.     The  problem  found  a  better  solution  in  the 
sun  lamp,  but  has  been  solved  in  another  manner,  and  just  as 
simply,  by  Mr.  Solignac,  and  the  results  obtained  by  him  have 
been  very  satisfactory  as  regarded  from  the  standpoint  of  steadi- 
ness of  the  luminous  point 

In  this  system,  a  general  view  of  which  is  given  in  Fig.  178, 
and  the  details  in  Figs.  179  and  180,  the  carbons,  F  F, 
which  are  horizontal  and  about  IS  inches  in  length,  are  thrust 
towanl  each  other  by  two  barrels,  K,  K,  which  wind  up  two 
chains,  E,  E,  passing  around  the  pulleys,  D,  D,  fitted  to  tlie  ex- 
tremities of  the  carbons.  These  latter  are  provided  beneath  with 
small  glass  rods,  G,  G,  whose  extremities  towani  the  arc  abut  at 
a  short  distance  from  the  latter  against  a  nickel  stop.  L  (Fig. 
ISO),  which  supports  them,  moreover,  at  M,  by  means  of  a  tappet, 
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whoee  position  is  regulated  by  a  screw.  The  current  is  Imns- 
mitted  to  tbe  carbons  by  two  friction  rollers,  I  I,  which  serve 
at  the  same  time  as  a  guide  for  thera,  and  which  give  the  electric 
flux  a  passage  of  only  one  third  of  an  inch  over  the  front  of  the 
carbon  to  form  the  arc.  Finally,  the  whole  is  held  by  a  supjjort, 
-A,  and  two  pieces,  C  B,  C  B,  which  at  the  same  time  lead  the 
current  to  the  friction  rollers  through  projections,  J.  Tlie  two 
systems  are  made  to  approach  or  recede  from  each  other,  in 
order  to  form  the  arc,  by  means  of  a  regulating  screw,  IL 

-At  present,  the  lighting  of  these  lamps  ia  effected  by  means  of 
ibis  screw^  H,  but  Mr.  Solignac  is  now  constructing  a  model  in 
^w-liich  the  lighting  will  be  performed  automatically  by  means  of 


Fig.  178. 

Solenoid  that  will  react  u|X)n  a  carlxm  lighter,  as  in  several 
^''^■^y  well  known  sj-stems. 

It  will  be  seeu  that  the  carbons  are  arrested  in  their  move- 

^^*^nt  toward   each  other  only  by  the  glass   rods,  G,  abutting 

^S^inst  L',  but,  as  the  stops,  L,  are  not  far  from  the  arc,  and  as 

**«  heal  to  which  they  are  exp4^)sed  is  so  much  tiie  greater  in 

^^**oportion  as  the  incandescent  jjart  of  the  carbons  is  nearer 

^^em,  it  results  that  fftr  a  certjiin  elongation  of  the  arc  the  tem> 

X^^raiure  becomes  sufficient  to  soften  the  glass  of  the  rods,  G,  G, 

^O  that  they  bend  as  shown  at  0  (Fig.  180),  and  allow  the 

^^rbons  to  move  onward  until  tbe  heat  has  sufliciently  dimin- 

Vihed  to  prevent  any  further  softening  of  the  glass.     In  measure 

3E^s  the  wearing  away  progresses,  the  preceding  effects  are  repro- 
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daced;  and,  as  these  are  produced  in  an  imperoeptiblo  and  con- 
tinuous manner,  no  jumping  nor  inconstancy  in  the  light  of 
the  arc  is  perceived.  Urnjer  such  conditions,  then,  the  r^u- 
lation  of  the  arc  is  effected  under  the  very  influence  of  the  effect 
produced ;  and  not  under  that  of  an  action  of  a  different  nature 


M/> 


ro    0' 


Fig,  119. 


(clcctro-ms^etiam),  as  happens  in  other  regulators.  It  is  certain 
that  this  idea  is  new  and  original,  and  the  results  have  been  very 
satisfactory.  There  is  but  one  regulation  to  perform,  and  that 
at  the  beginning,  but  this  once  done  the  apparatus  operates  with 
certainty,  and  for  a  long  time.     With  a  Mcritens  machine  of  ih 
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first  model  it  has  been  found  possible  to  light  five  Inmpf^  of  tb 
kind  placed  in  the  same  circuit 

According  to  the  inventor,  this  lamp  will  give  a  light  of  10(1 
carcels  with  one  horse  power,  and  wiih  three  horse  power  si] 
lamps  may  be  lighted. 
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The  O03t  of  the  glasa  roda  13  one  cent  per  foot  They  can, 
then,  be  considered  on]y  aa  an  insignificant  expense  in  the  cost 
of  the  carbons.  We  consequently  believe  that  it  will  be  pos- 
sible to  employ  this  system  advantagoously  in  practice. 


THE  MONDOS  ELECTRIC  LAMP. 

Since  the  month  of  May,  1882,  the  concerta  at  the  Champa 

Elygjiea  In  Paris  have  been  lighted  liy  sixteen  voltaic  arc  lamps 

on  a  new  and  very  simple  system,  which  gives  excellent  results 

in  tlie  installation  under  consideration.     The  sixteen  lamps  are 

OQ  the  divisible  system,  and  their  R-^gulation  is  bascti  upon  the 

principle  of  derivatioa    They  are  aapplied  by  a  Siemens  alter- 

*^ating  current  machine  and  arranged  in  four  circuits,  on  each  of 

"^^liich  are  mounted  four  lamps  in  series.     Figures  181  and   182 

^^■ill  enable  the  reader  to  readily  understand  the  system,  which  is 

^^   simple  as  it  is  ingenious,  and  which  has  been  arranged  by 

"*^*^*^.  Uondos  so  as  to  obtain  a  continuous  and  in<lependent  regu- 

*^tion  of  each  lamp, 

3d  this  system  the  lower  carbon  is  stationary,  tlie  luminous 
t^^^int  descending  in  measure  as  the  carbons  wear  away  through 
^^*^*3ibustion.      The  upper  carbon  descends  imperceptibly  by  its 
^^'Vvn  weight,  so  as  to  keep  the  arc  at  its  normal  length. 

The  mechanism  that  controls  the  motions  of  the  up|>er  rrxl 

'^^-^t  supports  the  earbou  bolder  consists  of  two  bobbins  of  fine 

^^"xre,  E  (Fig.  182),  mounted  on  a  derived  circuit  on  the  terminals 

^^^  the  lamp;  of  a  lever,  L,  articulated  at  Oj  and  supporting  a 

^V«.be,  TT',  and  the  whole  movable  piirt  balanced  by  a  counter- 

5^*^Dise,  P.     This  lever,  P,  carries  two  soft  iron  cores,  F,  which 

^*nter  the  bobbins,  B,  an<I   become  magnetized  under  the  m- 

**  uence  of  the  current  that  passes  tUrough  them.     The  upper 

t*«rt  of  the  tube,  T,  carries  a  square  upon  which  is  articulated  at 

^'  a  second  lever,  L\  balance  by  a  second  counterpoise,  P',  and 

^iarrying  a  flat  armature,  p,  opposite  the  cores,  F,  that  are  fixed 

to  the  first  horizontal  lever,  L.     The  carbon  holder  rod,  CC, 

«lides  freely  in  tube,  TT^  and  is  wedged  therein  by  a  small 
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piece,  o  m  I  fixed  to  the  lever,  L'.  For  this  reason  the  t 
TT',  is  provided  wiih  a  notch  opposite  the  piece  ami,  and 
two  arms,  a  and  m,  of  the  latter  are  shaped  like  a  V,  as  nn 
seen  iu  part  iii  the  plan  in  Fig.  182.     It  is  now  easy  to  u< 


stand  how  the  system  operates  ;  when  the  current  is  not  tfa^ 
the  circuit,  the  carbons  are  separated ;  but,  at  the  moraeni 
circuit  is  closed  for  lighting  a  series  of  lamps,  it  traveiset 
electro-magnet,  which  then  becomes  very  powerful,  and  d 
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down  the  cores,  F,  aloug  with  the  lever,  L,  the  tube,  TT',  and 
the  carbon  holder,  CC,  nnd  brings  the  carbons  in  contact  Tlie 
arc  then  forms,  and  the  current  divides  between  the  arc  and  the 
bobbins,  K.  Its  action  upon  the  cores,  F,  becomes  weak,  and  it 
can  no  longer  balance  the  counterpoise,  P,  which  falls  back,  and 
raises  the  system  again.  The  arc  thus  becomes  primed.  The 
cores,  F,  however,  preserve  a  certain  amount  of  magnetization; 
the  armature,  py  is  attracted,  and  the  lever,  L',  assumes  a  position 
of  eqailibrium  such  that  the  piece,  a  m  /,  wedges  the  rod,  CC, 
in  the  tube,  TT',  and  holds  it  suspended.     "When,  through  wear 
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of  the  carbons,  the  arc  elongates,  a  greater  portion  of  the  current 
posses  iuto  the  btabbins,  K,  the  armature,  ji,  is  attracted  with  more 
force,  and  the  lever,  L',  swings  around  the  point,  O'.  The  rota- 
tion of  L'  separaU^  tlie  piece,  am/,  from  the  rod,  CC,  which, 
being  thus  set  free,  slides  by  its  own  weight  and  shortens  the 
arc  The  current  then  becomes  weak  in  E,  the  armature,  p,  is 
not  so  strongly  attracted,  the  lever,  U,  pivots  slightly  around  0' 
under  the  action  of  the  weight,  P',  and  the  brake  or  wedge  enters 
the  notch  anew,  and  stops  the  descent  of  (lie  carbon.  In  prae* 
ticOi  the  motious  that  w«  have  just  deiicribed  are  exceedingly 
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slight ;  the  carbon  mores  imperceptibly,  and  the  length  of  the 
arc  remains  invariable. 

It  will  be  seen,  then,  that  the  lever,  L,  and  the  tnbc,  TT', 
serve  exclusively  for  lighting,  and  the  lever,  L\  exclusively  for 
regnlating  the  distance  of  the  carbon& 

This  lamp  exhibits  great  elasticity,  and  can  operate,  without  a 
change  of  any  part  of  its  mechanism,  with  currents  of  ^'ery 
different  intensities  It  suffices  for  obtaining  a  proper  working 
of  the  apparatus  in  each  case,  to  r^olate  the  distance  from  the 
weight,  P',  to  the  point  of  suspension,  O',  and  the  Jistuncc  from 
the  armature,  p,  to  the  cores,  F.  At  the  Champa  Elysdea  con- 
certs the  lamps  are  operating  with  alternating  currents;  V  :'  .• 
are  capable  of  operating  with  continuous  ones  also,  alth<  j 

slight  tremor  of  the  electro-magnetic  system,  due  to  the  use  of 
alternating  currents,  and,  as  a  consequence  of  rapid  changes  of 
magnetization,  seems  in  principle  very  favorable  to  systems  in 
which  the  descent  of  the  carbon  is  based  upon  friction  instead  of 
a  clutch.  At  the  Champs  Elys<Ses  concerts  the  lamps  bum  car- 
bons of  4  to  6  inches,  with  a  current  of  9  to  10  amperes,  anvl  ao 
elective  electromotive  power  of  60  volts  |)cr  lamp.  The  light 
is  very  steady,  and  the  effect  produced  is  most  satisfactor)'.  Th« 
dispensing  with  all  clock  work  rnoveraentand  regulating  springJ 
makes  this  electric  lamp  of  Mr.  Mondoa  a  simple  and  plain^ 
apparatus,  capable  of  numerous  applications  in  the  industries,  in 
wide,  open  spaces,  in  all  cases  where  foci  of  medium  intensity^ 
have  tu  be  employed,  and  where  it  is  desired  to  arrange  sere 
lamps  in  the  same  circuit 

THE   FII^EK    ELKCTEIC    LIGHT   ARC   LAMP. 


The  PUsen  Electric  Light  Arc  Lamp  \s  the  invention  of  iwC 
Austrian  engineers,  Messrs.  Ludwig  Piette  and  Franz   KriztkJ 
and  is  so  calle<l  owing  to  the  difficulty  of  correctly  ptonouncinj 
the  names  of  the  inventors,  Pilsen  being  the  name  of  the  town 
where  the  lamp  was  invented. 

The  special  and  novel  feature  of  this  lamp  is  the  U9«  and 
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action  of  a  biconical  or  spindle-shaped  iron  core  when  suspended 
■between,  nnd  partly  tlirough,  the  interiors  of  two  mjignelie 
*s*=»leDoids,  placed  one  above  the  other,  through  which  an  elcctri- 
*^al  cm-rent  is  passing.     When  so  used,  such  a  core  has  no  posi- 
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**Ve  or  balanced  position,  and  can  be  moved^  and  will  remain  in 
^^^y  new  position. 

^^hen  a  cylindrical  iron  core  of  the  ordinary  form  i.*i  placed 

^lisicie  a  solenoid  coil,  and  an  electrical  current  is  sent  through 

^^at  coil,  the  iron  core  takes  up  a  positive  and  balanced  position 

^"^  the  coil,  and,  as  is  well  known,  when  moved  out  of  that  posi- 

^"^^n,  always  tries  to  regain  it     With  two  c^ilg,  M  and  S,  placed 

<*ne  above  the  other  (Kig.  183),  the  cylindrical  core,  C,  will  take 

Tip  a  position  between  the  two,  exactly  in  proportion  to  the 

iWignetic  pott-er  of  each;  any  alteration  of  the  current  ])assing 

^Qgh  either  coil  will  disturb  the  balance,  and  cause  the  iron 
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the  core  will  return  to  its  former  position.  The  limit  of  sach 
movement,  however,  is,  in  practice,  soon  reached ;  whilst  the  ustJ 
of  a  cylindrical  core  necesaitates  clockwork  gearing  and  releasing 
apparatus  of  a  complicated  nature,  as  instanced  in  the  applica- 
tion of  that  system  in  Messrs.  Siemens^  diifcrential  clectria  light 
lamp,  and  others  of  that  type. 

In  the  Pilsen  Lamp,  on  the  other  hand,  the  douh1e>ooned  iron 
core,  within  the  limit  of  half  its  length,  is  not  so  aUcctei]  hy 
moving, and  has  no  such  balanced  position;  and  ibtis  it  has  a 
very  long  extent  of  movement,  which  is  utilized  directly  to  feed 
the  carbons  in  an  electric  light  lamp,  and  so  avoids  the  use  of 
complicated  mechazxiam. 


i 


Bg,  187. 
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Fig.  184  shows  the  double-coned  iron  core,  C,  in  a  similar 
positiun,  between  the  two  coils,  M  and  S,  to  tliat  of  the  cylindri- 
cal core  in  Fig.  183.  Fig.  185  shows  the  core  half  way  between 
the  two  coils.  Fig.  186  shows  the  core  in  the  reverse  poaitioa 
to  Fig.  184.  In  each  and  all  of  these  positions,  and  in  any- 
intermediate  position,  the  action  upon  the  coned  Iron  core  U  ibo 
same,  and  it  has  no  tendency  to  move  up  or  down. 

Figs.  187, 188,  189,  190  and  191,  show  different  forms  of  cons, 
all  or  any  of  which  have  the  same  peculiar  property  as  the 
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'onWe-ooned  core,  all  Ijeing  made  with  the  greatest  raass  of 
metal  in  the  middtei  and  is^dually  tapering  or  decreasing  to 
aljooiit  nothing  at  their  ends,  the  biconical  core,  however,  hcing 
iHe  best  of  all. 

Tlie  action  of  the  Pilsen  lamp  with  the  coned  core  is  the  same 
■^wlicn  placed  in  u  horizontal,  or  any  position. 

The  wniform  action  of  this  peculiar  shaped  iron  core  is  due  to 
itie  equal  and  opposite  magnetic  effect  whicli  appears  as  the  re- 
sult from  the  decrease  of  the  mass  of  iron  in  one  solenoid  being 
oompensated  for  by  the  increase  of  its  magnetic  action,  and  vice 
t^cTsa,  and  it  is  this  most  interesting  feature  wtiich  constitutes 
a;l36  principal  novelty  in  the  Pilsen  lamp. 

Figure  192  of  the  diagrams  shows  a  simple  application  of  the 
i  conical  iron  core  and  double  coils.     The  top  coil,  M,  is  in  the 
ain  circuit,  the  positive  wire  after  passing  round  this  coil  being 
csoDQCCted  to  the  contact  guide  roller,  r,  and  from  thence  through 
^Ixe  frame  and  tube  to  tiie  top  electrode,  and  so  through  the  arc 
tx>  the  negative  wire,  which  is  directly  attached  to  the  bottom  car- 
lx3n.    One  end  of  tlie  shunt  coil,  M*,  of  line  wire  and  high  restst- 
^^TJce,  is  connected  to  the  wire  M  at  the  terminal  at  top,  the  other 
end  of  the  shunt  coil  being  connected  to  the  bottom  carbon- 
voider;  iho  iron  core  is  fixed  inside  a  brass  tube,  which  again 
alidia  inside  another  brass  tube,  round  which   the  coils,  M  and 
^',  are  wound,  the  iron  core  being  counterbalanced  by  the 
^^^ight,  W,  suspended  from  a  cord  passing  over  the  roller,  R,  so 
"lai  the  core  is  free  to  move  up  or  down  to  any  position.     The 
^o  coila,  M  and  M^,  are  so  regulated  that,  when  the  ore  formed 
*t  the  carbons  is  of  exactly   the  proper   length,   usually  two 
millimetres,  the  action  of  the  coils  upon  the  core  is  exactly  bal- 
*t>C8d.    Any  alteration  in  the  resistance  of  the  circuits  by  in- 
(stwe  of  the  length  of  the  voltaic  arc  disturbs  this  balance,  and 
*be  iron  core  with  the  top  carl>on  attached  descends  and  again 
i^tores  the  balance,  and  remakes  the  size  of  the  are  to  the  pre- 
Jeieraiiried  length.     This  lamp  is  essentially  an  electrical  lamp, 
as  contrasted  with  mechanically  regxdated  lamps,  and  as  made  is 
citremely  simple. 
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The  theoretacal  examination  of  this  combination  of  biconical 
core  and  two  solenoid  coils  confirms  its  practical  actioa  The 
following  examination  and  formul86  are  taken  from  the  Zcita- 
chnflfdr  Angewandte  Elehtrxcitatslehrey  No.  12,  1881  (see  figure 
192.) 

Let  S  represent  the  pull  of  the  main  coil,  M, 
and  S*  that  of  the  shunt  coil,  M^. 

R  the  force  pulling  the  carbons  together,  allowing  for 
the  resistance  of  friction  caused  by  the  movement. 

TTie  weight  of  the  core  being  counterbalanced  as  before  men- 
tioned, the  inertia  of  movement  is  the  same  in  any  position. 

Let  J  represent  the  current  passing  in  the  main  circuit, 
and  Ji  the  current  passing  through  the  coil  M. 

J*  the  current  passing  through  the  coil  M*, 
and  0  —  the  resistance  of  M. 

a  —  the  resistance  of  M', 

y  —  the  resistance  of  the  carbons,  and 

X  —  that  of  the  light. 

1^  5s  to  be  calculated  what  function  x  is  of  the  other  variables. 

Tlie  following  formulsB  have  been  detemuned  :— 

S   =:AJi      .        .        .        .        1. 
and  SI  =  15  J»       .        .        .        .        2. 

A-  aiid  B  being  constants  of  the  functions  of  the  magnetic  move- 
menta  of  the  coils. 

Further,                       Jx=Ji  -|- J«         .        .        .         3. 
J^ a_  ...        4. 
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from  8  and  4  follow 


,n_         J 

.. 

5. 

i+'  +  y 

a 
.Ts  —          J 

6. 

1+     I 

7. 

If  we  substitute  the  values  found  as  above  for  S,  S'  and  J,  J*  in 
the  examples  1,  2,  5,  6,  into  and  for  7,  the  result  would  be 

A ^^-B ~ +  B=o. 

1+^  +  y         1+.^ 
a  a;+  y 

From  this 

A            T^         J  R     ^ 

l^^  -r  y      i_^ a_       J 

a  a;  +y 

After  that, 

Further, 

(x  +  M-f-axp         B  R  -I 

-^^TT)     [A--(x  +  y)  +  ^(a  +  x+y)]=<,. 

If  we  put 

(x+_y-fax 

then  a;  ^  —  ^  —  a. 
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'X'his  result  is  of  un  value,  being  negative,  for  x  can  have  a  posi- 
"^ve  value  only.     Wo,  therefore,  put 

B  K  * 


then 

then 


(-+^)(-.4  +  ?)+A+«  =  o 


J  +  A 

"  +  "  =  — R-Ti 
a  J    a 

BJ  -  R 


£=£  a 


a 


The  right  side  of   example  8  containa  the  two  variable 

elements  J  and  y,  and  the  resistance  x  of  the  arc  in  that  case 

**^pends  upon  the  current  flowing.     If  we  puty^o,  viz.,  when 

'he  carbons  are  all  burned,  then  x  will  be  increased  in  value  by 

ttie    elimination  of  the  resistance  of  y,  and  mc^t  probably  the 

^^Qgth  of  the  arc  would  be  increased  a  little.     The  correction  for 

*^i3  is  made  by  altering  the  true  cone  of  the  core  a  little  only,  so 

*^^*a.t,  in  fact,  examples  1   and   2   arc   not  quite  correct     The 

y**^^ver8  of  S,  S*  are  also  by  this  alteration  made  partly  depend- 


»!-» 


S  upon  the  poeitiou  of  the  core. 
"^"e  can  therefore  describe  example  8  as 


A    J  -I-  R 

a '- 

B    J  —  R 


8a. 


"VTe  have  still  to  eliminate  the  variable  element  J  from  the 

*^S^t  side.     We  know  from  practical  test  of  the  friction  of  the 

^Vaecl  R  that  this  variable  element  can  only  possess  small  value 

"^  t»en  the  lamp  is  otherwise  well  constructed  and  worked :  from 

"^oia  it  ia  to  be  geen  that  the  alteration  of  the  current  passing,  and 

^^e  friction,  cannot  have  much  effect  upon  the  arc,  still  we  can 
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eliminate  it  altogether  by  making  B  equal  to  nought,  that  is,  by 
making  W  equal  to  the  weight  of  the  iron  core  minus  the  fric- 
tion-resisting mcAion.     After  that  equation  8a  becomes 

-„«A        .        .        .        .        8& 
* B" 

X  is  therefore  nearly  absolutely  constant 

The  weights  of  the  carbons  during  each  stage  of  their  burning 
are  the  same,  through  their  shortening  proportionally,  and  the 
attendant  changing  of  resistance  being  compensated  by  the 
alteration  of  the  iron  core,  which  is  very  carefully  attended  to 
(we  call  special  attention  to  this  so  as  to  avoid  any  mistake),  the 
length  of  arc  of  such  a  lamp  would  therefore  be  constant  The 
arc  length  of  a  lamp  of  which  x  possesses  a  constant  value  is  a 
function  of  the  strength  of  the  current :  the  length  of  the  arc  is 
of  course  altered  by  different  carbons,  we  therefore  either  com- 
pensate their  varying  resistances  or  use  one  description  only. 

The  example  8b  can  in  practice  be  very  well  used :  — *•  re- 
presents, for  instance,  the  loss  of  current  through  the  shunt  circuit ; 
—  therefore  must  be  as  small  as  possible.  A  good  proportion  is 
0.04,  now  the  resistance  of  the  light 

With  good  strong  light,  each  =  0.5  to  1.0  ohms. 

"  medium =1.0  to  2.0  ohms. 

"  less. =  2.0  to  3.0  ohms. 

"  dividing =8.0  to  5.0  ohms. 

As  an  example,  let  it  be  — *  =  0.04  and  x^  4  ohms,  a  there- 
fore =  100  ohms. 

Further,  we  can,  as  nearly  as  possible,  for  practical  purpoees, 
say  ^  =  —  if  m  and  n  represent  the  number  of  turns  on  the 
wire  spools. 
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If  a  is  rightly  given  above  in  the  proper  length,  go  is  accord- 
ingly known  the  size  or  substance  of  the  wire  which  has  to  be 
iiseti  We  can,  therefore,  take  m  to  be  the  same,  and  with  that 
all  dimensions  needed  for  the  construction  of  the  lamp  are 
Icnown,  and  a  lamp  of  conatanl  resistance  can  be  made,  u  most 
Unp4:)rtant  result  for  burning  ii  lumber  in  one  circuit 

Fig.  193  is  a  diagram  of  the  electrical  ooustructiou  and  con- 
nections of  the  Pilsen  lamp  as  actually  usetl.  Fig.  194  is  a 
^liagruin  of  the  automatic  cut-out  electro- magnet 

The  negative  wire  of  the  main  circuit  is  connected  to  the  ter- 
minal on  top  at  tbe  lefl^  from  thence  it  passes  across  to  the 
main  coil,  M,  by  means  of  tlie  sliding  contact  spring,  S;  after 
it  has  passed  round  the  coilings  of  M,  it  splits  into  two  circuits. 
One  wire  passes  round  the  small  electro- magnet.  A,  and  is  then 
O^unnected  to  the  rod,  D*  (insulated  from  ths  frame  of  the  lamp), 
^.Tid  so  down  to  the  contact  roller,  r,  and  lower  carbon  and 
^>  older,  H.  The  other  of  the  two  split  wires  passes  down 
"tVarough  a  resistance  coil  of  iron  wire,  E,  and  is  attached  to  the 
*^t:her  rod,  I)  (also  insulattul  from  the  fniine),  ami  then  to  the 
l<:5wer  carbon-holder  by  the  contict  roller,  r.  Tlio  positive  wire 
^Titers  at  the  right-hand  top  terminal,  and  makes  direct  contact 
~^vith  the  frame  and  top  carbon,  thus  completing  the  main  cir- 
<iiiit  through  the  carlwns  and  arc. 

The  shunt  circuit  is  connected  at  the  negative  terminal,  and 
'^)asses  through  a  comparatively  thick  german  silver  resistance 
<soiI,  G,  and  then  makes  contact  with  the  iron  frame  of  the 
electro- magnet,  A;  from  thence  the  wire  is  connected  to  a  fine 
german  silver  wire  coil  of  about  130  ohms  resistance,  wound 
on  the  outside  of  the  shunt  coil,  M',  the  other  end  of  this  coil 
Iteing  connected  to  the  contact  screw,  n,  anrl  to  one  end  of  a 
comparatively  thick  copper  wire  of  low  resistance  which  is 
coiled  inside  the  german  silver  wire  on  M* ;  the  other  end  of 
[  tliis  inside  copper  wire  coil  is  attached  to  the  metal  frame  of 

\  the  lamp,  and  so  completes  the  shunt  circuit,  the  object  of  the 

I  supplementary  resistance,  G,  being  to  make  up  a  towl  resistance 

I  with  the  copper  coils  inside  M'  about  equal  to  the  lamp  when 
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burning,  and  to  avoid  heating  when  the  main  current  all  jx 
through  thai  sbuut  or  partial  »hunt  circuit. 

There  are  some  interesting  and  novel  electrical  details  in  thid 
lami^  The  arrangement  for  altering  the  length  and  number  ot 
convolutions  of  the  wire  on  the  main  coil,  M,  is  new,  and  \i 
effected  a^  follows,  viz. : — After  the  wire  is  all  coiled  on  M  (Fijj 
198  and  Fig.  195),  the  insulation  is  scraped  off  a  strip  4  in.  wid« 
all  down  the  outside  of  the  coil,  leaving  a  ridge  of  bare  cop]>e( 
wire;  the  connection  is  made  through  the  contact  spring,  S, 
uliding  up  and  down  the  fixed  rod,  and  pressing  against  the 
exposed  vrire,  the  bottom  end  of  the  rod  being  insulated;  by 
moving  S  up  or  down,  the  length  of  the  coil,  M,  may  be  in- 
creofled  or  diminished  at  will,  and  consequently  the  pul!  of  the 
ooil  M.  This  aflfords  a  ready  method  of  adjusting  the  length  of 
the  arc,  and  also  regulating  the  balance  should  the  carbons  vary 
iu  tht>  resistance.  The  resistance  of  the  main  coil,  M,  is  1)25  of 
an  ohm,  and  the  diSerence  of  resistance  afforde<i  by  the  sliding 
contact)  S,  when  at  extreme  endfi,  ia  from  *023  to  H)25  of  an 
ohm. 

The  use  of  the  small  electro-magnet,  A  (Figs.  193, 194  and  195),  _ 
for  automatically  short-ciicaiting  the  high  resistance  shunt  coilj 
on  M ' ,  when  the  carbons  are  all  consumed,  or  when  there  ar 
no  cJirlxtiis  in  it  at  all,  is  alao  interesting.     As  before  described,] 
a  split  wire  from  M  passes  through  this  electro* miigneL     The 
iron  frame  of  A  is  made  of  a  bell-crunk  shape,  so  that  the  aima* 
ture  at  the  top  is  a  prolongation  of  the  bottom  pole,  thus  utiIiz-1 
ing  both  polos.     This  armature  is  pivoted  in  the  centre,  and  on 
its  outer  end  is  weighted  to  overbalance  and  make  contact  witli 
iho  adjustable  contact  screw,  n,  fixed  to  an  insulated  bracket  at 
side  of  the  frame  of  A.    One  end  of  the  fine  wire  shunt  coil  on 
the  outside  of  M  *  is  connected  to  the  wire  of  O,  and  to  the  metal ' 
frame  of  A,  at  bottom,  and  the  other  end  to  the  copper  sliunt 
ooil  and  insulated  bracket  and  contact  screw.     When  the  lamp 
ia  not  burning,  the  armature  of  A  makea  contact  with  the  screwy 
H.  and  short^ircuila  the  fine  wire  coil  on  M*,  the  main  currenl 
then  paasaii  through  the  thick  supplementary  reabtonce  wire^  Gj 


and  the  insitle  copper  coU  of  M*.  When  the  lamp  is  burning, 
the  main  current  passes  through  A,  and  attracts  the  armature, 
and  retains  it,  thus  breaking  the  contact  at  »i,  and  adding  the 
fine  wire  coil  of  M*  to  the  shunt  circuit,  which  tlien  balances  the 
lamp. 

When  the  carbons  are  all  consumed,  the  electro-magnet,  A,  ■ 
automatical iy  cuts  out  and  breaks  the  arc:  this  is  done  br  in- 
serting a  small  piece  of  an  Insulating  material  in  the  guide  rod, 
D',  at  I.  When  tlie  lx>ttora  carbt>n -holder,  H,  rises  to  the  in- 
sulated insertion,  I,  the  roller,  r,  on  that  side  becomes  insulated 
from  the  rod  D*,  and  the  electro-magnet,  A,  ia  cut  out  of  the 
circuit,  tlic  armature  is  released,  and  the  weighted  side  remakes 
contact,  and  short-circuits  the  german  silver  coil  on  M*.  The 
top  ooil  then  propoudei-ates  and  pulls  the  top  carbon  up,  and  so 
completely  separates  the  carbons,  and  breaks  the  arc;  the  cur- 
rent then  passing  through  the  thick  shunt  coil  and  wire,  G. 
During  this  latter  operation  the  gupplementary  wire  and  split 
circuit,  E,  keeps  the  circuit  through  the  arc  (which  would 
otherwise  be  broken  by  the  insulation  at  I),  and  thus  allows 
the  main  coil  M,  to  separate  the  carbons,  and  prevent  the 
burning  of  the  metal  holders,  II  and  h  (Fig&  187, 183  and  189). 

The  mechanical  construction  of  the  Pilsen  Lamp  is  also  very^ 
good.  The  frame  of  the  lamp  (Figs.  195,  196  and  197)  con- 
sists of  a  brass  tube,  mounted  between  two  brass  plates,  with 
two  iron  rods,  D^  and  D,  joined  across  at  the  bottom  by  the 
stretching  piece,  B;  the  iron  core  C  (Fig.  196),  is  tixe<l  inside 
a  brass  tube,  which  again  fits  loosely  in  the  tube  of  tlie  frame, 
and  is  guided  by  contact  rollers,  r  and  r,  so  that  it  mo\-es  with 
very  slight  friction ;  the  weight  of  the  imn  core,  C,  is  counter- 
balanced by  the  bottom  carbon-holder,  II,  and  weight,  W.  the 
connection  being  made  by  means  of  the  cortls  and  rods,  and  the 
pulleys,  R  and  R> ;  the  metal  rods,  DD  (Fig.  197),  being  used 
in  the  virinity  of  the  arc.  The  carbons  are  fixed  as  shown,  one  < 
to  the  core  lube,  C,  and  the  other  to  the  holder,  U. 

One  of  the  pulleys,  R»  (Fig.  196),  has  very  fine  teeth  cut  inJ 
its  outer  rim,  and  a  weightetl  pawl,  or  click,  P,  rests  upon  and' 


;  to  restrain 
oord  which  mast  in  one  direction  rub  over  the  pulley  R',  and 
t.tiufl  serve  to  arrest  the  parting  of  the  carbon  when  there  arc 
afc.Tiy  fluctuations  in  the  current 

The  carbons  arc  fitted  and  adjusted  in  a  simple  manner:  they 

^Te  inserted  into  the  spring  clips,  W,     The  bottom  carbon  and 

"tfcolder  can  be  partly  adjusted  by  altering  the  lengths  of  the 

■fc"wo  side  cords :  this  is  done  by  screwing  or  unscrewing  the  nuts, 

<Md^f  attaching  the  cords  to  the  rods.    The  top  caibon  con  bo 

c^justcd  to  any  position  by  the  holder  shown  at  Fig.  197.     The 

spring  clip,  A,  is  attached  to  the  collar  and  arm,  L,  and  the  two 

Sftre  pivoted  at  K^  and  are  free  to  move  laterally  ;  above  L  is  a 

J5xed  collar  and  arm,  k,  and  on  the  end  of  that  arm  a  milled 

3ncad,  K,  is  free  to  burn.     K  has  an  eccentric  slot  cut  in  its  face, 

a.nto  wliich  a  pin  projecting  from  the  end  of  L  is  inserted.     By 

"turning  the  milled  hejid,  K,  the  arm,  L,  and  carbon  clip,  A,  arc 

snoved  backward  or  forward,  aa  may  be   required.     The  core 

"•ube,  C,  can  also  be  moved  round. 

The  lower  carbon -holder,  H,  runs  by  means  of  the  contact 
jollers,  rand  r,  between  the  guide  rods,  IJ^  and  D,  the  contact 
'being  maintained  by  the  spring,  a  (Fig.  198).  Sometimes  a  pcr- 
^coanent  electrical  connection  is  made  by  a  loop  of  wire  attached 
to  the  rods,  D,  and  holder,  H. 

If  a  fixed  focus  lamp  is  required,  the  pulleys,  R  and  R*,  are 
made  double,  one  being  twice  the  diameter  of  the  other;  the 
cord  that  passes  over  the  larger  pulley  being  connected  to  the  toj* 
electrode,  while  the  Imttom  electrode  ia  connected  to  the  cord 
passing  over  the  smaller  pulley,  the  different  sized  pulleys  allow- 
ing the  carbons  to  feed  together  exactly  in  proportion  aa  they 
are  consumed. 

Tlie  top  of  the  lamp  with  the  ooils  is  completely  incased  in  a 
zino  cover  box.  The  globe  is  put  on  from  below  in  the  hanging 
lamps  (Fig.  198),  and  is  supported  on  the  ash  pan  which  slides 
np  and  down  the  rod  at  the  bottom.  This  is  very  convenient 
for  putting  iu  fresh  carbons. 
The  apparent  complication  of  the  Filsen  Lamp,  as  made  for 
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practical  use  (Figs,  193, 194,  195^196  and  197),  in  contrast  with 
the  theoretical  construction  (Fig.  192),  is  really  a  simplification, 
inasmuch  as  a  workman  has  no  adjustment  to  make,  nnd  no 
»Tew3  to  unloose,  the  electrical  and  mechanical  refinements 
being  specially  introduced  to  render  the  lamp  aa  nearly  as  pos- 
sible automatic  in  its  action. 

Fig.  198  shows  the  Pilsen  Factory  Lamp,  which  has  somo 
novel  features. 

This  lamp  is  made  to  bum   100  hours  if    necessary.     The 
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electrical  connections  are  the  same  aa  those  in  the  lamp  shown 
in  figures  192  to  197.  The  small  control  electromagnet  in  this 
lamp  is  fitted  in  the  top  wooden  frauio  at  the  right  aide,  and  is 
there  out  of  the  way  of  harm.  The  mechanical  construction  of 
this  lamp  is  much  stronger  than  the  hanging  lamp  (Figs.  192  to 
197):  there  are  two  sets  of  contact  rollers,  one  set  attached  to 
the  top  and  one  set  to  the  bottom  carlxjn.  The  principal  novelty 
ia  this  lamp  is  the  use  of  plate  carbons. 

Some  of  theKG  lamps  have  Ijeen  in  use  in  Mr,  Piette's  paper 
factory  at  Pilsen,  and  work  remarkably  well :  they  hare  proved 
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very  suitable  for  factory  purposes,  wliere  a  clieap  and  j 

light  is  rc<]aired.  ■ 

Kig.  199  shows  a  diagrammatic  drawing  of  the  Pilsd 

zoutai  Lamp.     The  iron  core,  C,  is  fixed  inside  a 
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The  Special  advantage  of  this  form  of  lamp  is  that  it  can  be  ■ 
uaed  in  low-roo(e<l  factories,  close  up  to  the  ceiling.    This  lamp 
was  shown  cotislautly  at  work  in  the  £loctriual  Exhibition  at 
Paris,  and  burned  remarkably  steadily.  ■ 

Fig.  200  shows  the  Pilsen  Lamp  adapted  for  street  lighting. 

In  this  lamp  the  counterbalance  of  the  iron  core  is  reversed, 
and  the  coils  placed  at  the  bottom,  and  inside  the  tube  of  the 
top  of  the  lamp;  the  side  rofLs,  D  D',  weight,  W,  holder,  11,  and 
rollers,  R,  with  their  cords,  are,  except  for  being  reversed,  the 
same  mt  the  hanging  lump  describeit  in  reference  to  Figs.  192 
to  IflT. 

This  special  arrangement  of  the  lamp  allows  the  coils  to  be 
placed  in  safety,  and  avoids  shadows  on  the  globes. 

The  advantages  claime<l  for  the  PiUen  Lamp  are : 

Its  extreme  simplicity. 

Its  ahnost  perfect  working. 

A  steady  and  white  light,  of  good  power. 

The  ease  with  which  the  carbons  can  bo  fitted. 

It  has  a  constant  electrical  resistance,  enabling  any  nuto^ 
her  of  lamps  to  be  used  in  one  circuit 

It  has  a  continuous  feeding  movement 

Also  automatic  appliances  provide  for  all  practical  con- 
tangenciea ;  and  a  special  and  distinct  advantage  is, 
that  it  can  be  worked  with  almost  any  description  of 
engine :  the  absence  of  all  clutches  and  releasing  gear 
enables  the  lamp  to  quickly  adjust  itaelf  to  variations 
of  speed. 

The  Pilsen  I*amp  has  been  fitted  in  many  places  and  with 
unqualified    success,  and   was    successfully   exhibited   in   the 
Crystal  Palace,  l>5ndon,  fIx  hanging  lamps  illuminating  the 
Handel  Orchestra.     On  the  Continent  the   lamps  have  a  very 
,  satisfaction. 
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The  six  hanging  lamps  shown  at  the  Crystal  Palace  were 
worked  in  one  circuit  from  a  Schukert  dynamo  machine,  rcvoli 
ingat  860  revolutions  per  minute,  and  driven  by  a  Rtiston  and 
Proctor  single  cylinder  portable  steam-engine,  with  the  ordinary 
governors.  The  current  passing  through  the  lamps  was  about  9 
amperes,  the  electromotive  force  of  the  current  being  about  400 
volts,  and  the  total  resistance  about  45  ohma.  The  candle-, 
power  of  the  Pilsea  Lamp  cjEiiibited  wa^  2,000  candle.s. 

THE  ABCBEREAU   AKO  LAMP. 

The  first  self-acting  regulator  was  made  by  Archereau  in 
1848,  and  his  primitive  apparatus,  embracing  the  solenoid  action, 
hos  served  iis  a  basis  for  numerous  other  combinations. 

In  Archcreau'a  lamp,  fig.  201,  the  upper  carbon  is  fixed,  and 
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the  lower  carbon  rests  on  a  cylinder  made  half  of  iron  and  half 
of  copper.  This  cylinder  is  placed  in  a  solenoid,  which  is  trav- 
ersed by  the  current,  and  is  kept  in  eiiuilibriura  by  a  eouDter^ 
poise. 

The  action  of  the  solenoid  produces  and  maintains  the  dis- 
tance of  the  two  carbons  by  exercising  a  magnetic  attraction  on 
the  iron  rod  which  terminates  the  lower  carbon,  provided  the 
proportions  between  the  power  of  the  solenoid,  the  weight  of 
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t^e  rod,  and  the  BtrcTigth  of  ihe  current  are  carefully  established. 
This  regulator  is  no  longer  used,  becaizi^e  tlie  luminous  point  was 
i^ot  constant,  and  it  was  difficult  to  regulate  tbo  action  of  the 
folcDoid  without  causing  a  rupture  of  the  arc 
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Jj'ig.  202  represents  the  Jasper  regulator.     The  negative  car* 

^n  holder  B  is  formed  of  a  copper  tube,  ending  in  a  hollow 

cylinder  of  soft  iron.     In  the  middle  the  tube  B  is  pierced  with 

«   longitudinal  slit,  wide  enough  to  allow  a  grooved  pulley,  E,  to 

paas ,  around  this  pulley  ia  wound  a  cord  which  descends  in  the 

»3cisof  the  tube  B,  and  carries  a  weight  F,  that  keeps  it  stretched. 

TT-iis  weight  abuts  ufwn  a  traverse  piece  in  such  a  way  that, 

v  Vien  the  cord  is  wound  up,  the  weight  in  rising  lifts  the  carbon 

holder.     The  grooved  pulley  is  fixed  on   a   small   draw,  on 

w*  t^ich  is  also  placed  a  second  grooved  pulley  having  a  diameter 

tloTible  that  of  the  former.     On   the  latter  is  wound  a  oord  at- 

^<::lied  to  the  lower  extremity  of  the  positive  carbon  holder  A, 

«  »i<l  it  also  carries  a  counterpoise.     It  will  be  seen  that,  by  the 

Aix-ection  in  which  the  cords  are  wound,  the  weight  of  tlie  posi- 

t»  "X^e  carbon-bolder  tends  to  raise  the  negative  carbon -holdor,  and 

'"-^t  this  will  move  through  only  half  the  distance  of  the  former.  • 

^  ^is  difference  corresponds  to  the  uue4iual  wear  of  the  carbons. 

•^-^ae  positive  carbon-holder  is  formed  of  a  copper  tube  A,  fur- 

^"^  shed  with  a  clip  to  which  the  carbon  is  attached.     The  carbon 

^^     held  securely  in  place  b3'  a  locking  screw. 

The  negative  carbou-holder  carries  a  pendent  rod  L,  terrain- 

^■'^ing  in  a  small  piston  which  can  move  within  the  tube  D,  filled 

*"^"  itb  mercury.     The  diameter  of  the  piston  is  less  than  that  of  the 

^-*.be,  80  that  when  the  piston  moves  down  by  the  motion  of  the 

*^^^*rbon -holder,  the  mercury  passes  from  one  side  to  the  other  of 

*-*>e  piston  by  the  narrow  annular  space.     This  acts  as  a  very 

^flident  brake,  and  prevents  any  sudden  action  which  would 

^iiow  Itself  in  irregularity  of  the  light   On  the  tube  C,  is  wound 

*ii  insulated  copper  wire  fomung  a  solenoid,  Aid  intended  to 


l^y^ 


THE  SCHUCKEBT  ABC  lAifP. 


346 


\ 


l^*"0<iuce  the  separation  of  the  carbons,  and  to  counterbalance 
^*^G  effect  resulting  from  the  weight  of  the  p<Mitive  carbon- 
**olUer,  as  in  Archereau's  regulator. 

When  at  rest  the  carbons  are  in  contact.  At  the  moment 
"^^  lien  the  current  passes,  the  solenoid  atti'acts  the  iron  core  of 
tlao  lower  holder  and  maintains  the  carbons  at  the  proper  dis- 
■^^s^Ticc.  When  the  arc  is  lengthened,  the  current  is  weakened, 
^tid  the  carbons  acted  on  by  the  weight  of  the  holder  A  are 
<ij"a.'wn  slightly  nearer  to  one  another.  The  counterpoise  F  acts 
i^x  an  opposite  sense  to  the  holder  A,  since,  by  the  winding  of 
*iie  cords,  it  tends  to  produce  a  withdrawal.  The  adjustment  is, 
*-liejefore,  easily  obtained  by  the  displneement  of  the  weight  F. 
Tlie  stronger  the  current,  the  nearer  the  weight  P  must  be  to 
tile  point  where  the  cord  is  attached. 

The  action  of  the  solenoid  on  the  carbon-holder  B  is  not  the 
ne  at  the  end  as  at  the  beginning.     This  difference  of  action 

^compensated  for  by  the  small  counterpoise,  which  is  regulated 
^^y  its  distance  from  the  centre.  At  the  beginning  the  latter 
*^oxinterpoise  has  no  action  ;  at  the  end  its  weight  is  added  to 
"^-^^l  of  the  weight  F,  to  counterbaUnce  the  action  of  the 
Solenoid. 

THE    PKTXIER  ARC   LAMP. 

]lf.  Reynier's  lamp  consists  of  two  carbon-holders,  the  upper 

^**«  of  which  is  fixed,  and  the  lower  one  is  mounter!  on  a  soft 

**"<>n  rod  placed  within  a  solenoid,  the  action  of  the  latter  being 

^^lanced  by  a  coiled  spring.     As  soon  as  the  current  passes  into 

^*-^e  apparatus,  the  iron  rod  is  drawn  downward  m  the  solenoid, 

^^d  descends  until  the  arc  reaches  its  normal  length.     In  pro- 

TK>nion  as  the  carbons  are  consumed,  the  iron  rod  ascends  in 

EJ^ual  stages,  which  are  equal  to  the  lengths  of  bumetl  car- 

Ocina,  so  as  t^j  maintain  the  length  of  the  voltaic  arc  constant, 

THE  SCHUCEERT  ARC  LAUP. 

In  the  Schuckcrt  lamp  the  upper  carbon  Is  raised  by  a  »i)lit 
^utoh  forming  the  core  of  a  solenoid.  This  core  is  suspended  by 
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a  lever,  adjusUble  by  n  spiral  spriug,  and  as  soon  as  the  curreat 
traverses  the  solenoid,  the  plunger  is  drawn  upward,  cloaing 
round  the  carbon  aad  raisiiij;  it  The  current  is  led  to  the  car- 
bon by  two  copper  contact  pollers.  Tlie  action  of  the  lamp  de- 
pends upon  the  principle  of  the  derived  current 


THE  OAITFK  ARC  LAMP. 

The  Gaiffe  lamp  is  represented  in  figure  203.  In  this 
apparatus  the  action  of  the  solenoid  is  produced  in  a  some- 
what diflfcrcnt  manner  from  the  preceding  ones.  The  two  car- 
bon-holders, n  H',  are  movable,  and  are  so  arranged  as  to  keep 
the  luminous  points  stationary.  For  this  purpose  their  motion 
is  controlled  by  two  racks,  K  U,  which  engage  two  wheels  M'  O, 
of  unequal  diameter,  and  moved  by  a  simple  spring  barrel  on 
the  axle  of  which  they  are  fixed.  This  barrel  is  wound  up  by 
the  mere  separation  of  the  carbon  holders,  which  are,  however, 
perfectly  balanced  and  turn  between  sets  of  rollers.  The  lower 
carbon-holder  is  terminated  hy  an  iron  rod,  K,  to  which  is  attached 
a  rack,  and  this  rod  is  placed  within  an  electro-magnetic  bobbin, 
L,  with  a  coil  increasing  in  diameter  from  its  upper  to  its 
middle  part,  in  order  to  compensate  for  the  unequal  action  of 
tlie  spring  barrel  through  the  whole  range  of  this  movement. 
Finally,  a  small  wheel,  K,  connected  by  the  wheels  M'  O,  and 
another  to  the  wheel  M,  gives  the  means  of  simultaneously 
acting  on  the  two  racks,  so  as  to  raise  or  lower  the  luminous 
point 

In  the  normal  state  the  carbons  touch  each  other,  and  when 
the  current  traversing  them  excites  the  coil,  the  lower  carbon- 
holder  is  lowered  at  the  same  tjme  that  the  upper  one,  H  V  I,  is 
raised,  and  this  effect  is  continued  until  the  attractive  forve  of 
the  coil  balances  the  resistance  of  the  spring  barrel,  and  thus  a 
voltaic  arc  is  produced.  Of  course  tlie  length  of  the  arc  depends 
upon  the  lensirm  of  the  spring  in  the  barrel,  and  this  can  be 
regulated  by  a  screw.  So  long  as  the  arc  remains  under  the 
same  conditions  of  resistance,  the  eflfect  is  maintained;  but  the 
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produce  the  separation  of  the  carbons,  and  to  counterhalance 
tiio  ellect  resulting  from  the  weight  of  the  positive  carbon- 
holder,  as  in  Archereau'a  regulator. 

When  at  rest  the  carbons  are  in- contact  At  the  moment 
when  the  current  passes,  the  adenoid  attracts  the  iron  core  of 
the  lower  holder  and  maintains  the  carbons  at  the  proper  dis* 
tance.  When  the  arc  is  lengthened,  the  current  is  weakened, 
and  the  carbons  acted  on  by  the  weight  of  the  holder  A  are 
drawn  slightly  nearer  to  one  another.  The  counterpoise  F  acts 
in  an  opposite  sense  to  the  holder  A,  since,  by  the  winding  of 
tlie  cords,  it  tends  to  produce  a  withdrawal.  The  adjustment  is, 
therefore,  easily  obtained  by  the  displacement  of  the  weight  F. 
The  stronger  the  current,  the  nearer  the  weight  F  must  be  to 
the  point  where  the  cord  is  attache^}. 

The  action  of  the  solenoid  on  the  carbon-holder  B  is  not  the 
same  at  the  end  aa  at  the  beginning.  Tbia  difference  of  action 
is  compensated  for  by  the  small  counterix)ise,  which  is  regulated 
hy  its  distance  from  the  centre.  At  the  beginning  the  latter 
counterpoise  has  no  action  ;  at  the  end  ita  weight  is  added  to 
that  of  the  weight  F,  to  counterbalance  the  action  of  the 
solenoid. 

THE    BEYNIEB  ARC   LAMP. 

M.  Reynier's  lamp  consists  of  two  carbon- holders,  the  upper 
one  of  which  is  fixed,  and  the  lower  one  is  mounted  on  a  soft 
iron  rod  placed  within  a  solenoid,  the  action  of  the  latter  being 
"balanced  by  a  coiled  spring.  As  soon  as  the  current  passes  into 
the  apparatus,  the  iron  rod  is  drawn  downward  m  the  solenoid, 
aind  descends  until  the  arc  reaches  its  normal  length.  In  pro- 
portion as  the  carbons  are  consumed,  the  iron  rod  ascends  m 
gradual  stages,  which  are  equal  to  the  lengths  of  burned  car- 
Ixuis,  so  aa  to  maintain  the  length  of  the  voltaic  arc  constant 

THE  8CHUCEERT  ABC  LAUP. 

In  the  Schuckert  lamp  the  upper  carbon  Is  raised  by  a  split 
clutch  forming  the  core  of  a  solenoid.  This  core  is  suspended  by 
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a  lever,  adjustable  by  a  epiraJ  spring,  and  as  soon  as  the  cuircDt 
traverses  the  solenoid,  the  plunger  is  drawn  upward,  closing 
round  the  carbon  and  raising  it  The  current  is  led  to  the  car- 
bon bv  two  copper  contact  pollers.  The  action  of  the  lamp  de- 
pends upon  the  principle  of  the  derived  current 

THE   GAIFFE  ABC   LAMP. 

The  Gaiffe  lamp  is  represented  in  figure  203.  In  this 
apparatus  the  action  of  the  solenoid  is  produced  in  a  ftome- 
what  diflferent  manner  from  the  preceding  ones.  The  two 
bondholders,  H  H',  arc  movable,  and  are  so  arranged  aa  to 
the  luminous  points  stationary.  For  this  purpose  their  motion 
is  controlled  by  two  racks,  K  U,  which  engage  two  wheels  M'  O, 
of  unequal  diameter,  and  moved  by  a  simple  spring  barrel  on 
the  axle  of  which  they  are  &xed.  This  barrel  is  wound  up  by 
the  mere  separation  of  the  carbon  holders,  which  are,  however, 
perfectly  balanced  and  turn  between  sets  of  rollers.  Tlie  lower 
carbon-holder  is  terminated  by  an  iron  rod,  K,  to  which  is  attached 
a  rack,  and  this  rod  is  placed  within  an  electro-magnetic  bobbin, 
L,  with  a  coil  increasing  in  diameter  from  its  upper  to  its 
middle  part,  in  oixlcr  to  compensate  for  the  unequal  action  of 
the  spring  barrel  through  the  whole  range  of  this  movement. 
Finally,  a  small  wheel,  R,  connected  by  the  wheels  M'  O,  and 
another  to  the  wheel  M,  gives  the  means  of  aimnltaneoualy 
acting  on  the  two  racks,  so  as  to  raise  or  lower  the  luminous 
point 

In  the  normal  state  the  carbons  touch  caeli  other,  and  when 
the  current  tmversing  them  excites  the  coil,  the  lower  cjirb-pn- 
bolder  is  lowered  at  the  same  time  that  the  upper  one,  H  V  I,  is 
raised,  and  this  eSect  is  continued  until  the  attractive  force  of 
the  coil  balances  the  resistance  of  the  spring  barrel,  and  ihiu  a 
voltaic  arc  jp  produced.  Of  course  the  length  of  ihetut:  dcfveiuia 
upon  the  tension  of  the  spring  in  the  biirre!,  and  this  ran  be 
rcgulate<l  by  a  screw.  So  long  as  the  arc  remains  under  the 
same  conditions  of  recistaDce,  the  effect  is  maintained ;  but  the 
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antl  when  thej  come  into  contact^  the  carrent,  fioding  & 
direct  path,  abandons  the  derivation  and  the  electro-nuigtiet% 
and  passes  almost  entirely  through  the  circnit  of  the  carbon 
which  then  glow,  and  immediately  supply  the  voltaic  arc.     Th 
electro-magnet  M  having  become  inaciive,  the  box  B'  of 
lower  carbon-holder  is  slightly  inclined  forward,  and  by 
causes  not  only  the  disjunction  of  the  carbons,  but  also  a  sufl 
cicnt  separation  of  their  points  in  consequence  of  the  action 
produced  on  the  wheels  by  the  movement  of  the  box.     The 
lamp  is  thus  lighted ;   but   in   proportion  to  the  consumptioa 
of  the  carbons,  the  resistance  of  the  light  circuit  increases,  and    . 
the  current,  passing   with  more  intensity  into  the  derivatioi^H 
soon  becomes  sufficiently  iwwerful  to  release  the  clockwork  ih:^^ 
brings  the  carbons  together,  until  the  current  has  regained  ilfi 
full  intensity  in  the  light  circuit     Things  go  on  in  thia  way 
until  the  carbons  are  entirely  consumed. 

It  will  easily  be  understood  that  with  this  arrangement  ther^i 
IB  no  limit  to  the  length  of  the  carbons,  since  it  may  exceed  tli|^|| 
of  the  apparatus,  and  without  their  rciquiring  any  particula^^ 
position.  Their  forward  movement  takes  place  as  if  they  glided 
between  the  fingers  of  two  hands,  pushed  towards  each 
by  two  thumbs  guiding  their  progress. 
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The  Biirgin  lamp  is  represented  in  figure  205. 

The  principle  of  the  lamp  is  very  simple :  the  two  carl 
holders  tend  to  approach  each  other  continuously  by  the  in- 
fluence of  a  spring  barrel  or  a  counterpoise;  but  they  can  obey 
this  tendency  only  when  a  check  controlled  by  an  electro-nuig:, 
nctic  action  permits  the  passage  of  the  chain  or  chains 
support  the  oarbon- holders,  so  that,  according  aa  the  cur 
more  or  less  energetic,  there  is  motion  or  rest  in  these  corboutj 
holdcrsL     This  result  is  obtAined  by  means  of  a  large  wheels 
which  carries  on  ita  axle  the  pulley  0,  on  which  i 
chain  supporting  the  lower  caibou-holdcr.     T 
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wheel  rests  on  a  piece  of  iron,  A  A,  fixed  to  a  jointed  parallelo- 
gram, and  serving  as  the  armature  of  an  electromagnet,  £,  oon- 
nected  with  the  light  circuit  A  spring  brake,  F,  presses  on  the 
ciTcumfercjQco  of  this  wheel,  and  is'sufficiently  bent  to  prevent 


>ii?.  20  &. 


the  wheel  from  turning  when  the  latter  is  at  the  proper  height, 
that  is  to  say,  when  the  armature  A  is  at  its  greatest  approxi- 
mation to  the  electro- magnet  E ;  but  when,  in  consequence  of 
the  weakening  of  the  current,  this  armature  is  at  a  greater  dia- 
umco,  the  wheel,  by  dropping  wilU  the  armature,  withdraws 
from  the  brmke,  aod  vt  *^**^  able  to  turn  by  the  eflect  of  the 
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weight  of  the  lower  carbon  (or  of  a  spring  barrel  attached  to  this 
carbon -holder),  acting  through  the  chaiu  which  is  wound  aboat 
the  pulley  C.  Thereupon  the  lower  carbon-holder  rises,  and  the 
current,  resuming  its  energy,  quickly  produces  a  fresh  engage- 
ment of  the  wheel,  which  cheeks  the  rise  of  the  carbon  at  the 
proper  instant  The  slight  movement  of  the  attracted  armature 
A,  when  the  carbons  are  in  contact,  suffices  to  allow  the  passage 
of  enough  chain  to  bring  about  the  separation  of  the  carbons 
when  the  circuit  is  closed. 

The  upper  carbon  is  ilxed,  and  therefore  the  luminoos  point 
changes  its  position,  a  thing  of  no  consequence  for  ordinary 
illumination ;  but  for  experiments  of  projection,  the  two  carbons 
must  be  so  arranged  as  to  move  simultaneously  in  the  proportion 
of  2  to  1,  and  for  this  purpose  Biirgin  fixes  two  carbon -holders 
to  two  chains,  which  are  wound  upon  two  pulleys  of  unequal 
diameter^  mounted  on  the  axis  of  the  large  regulating  wheel,  so 
that  each  moTement  of  that  wheel  causes  a  double  displacement 
of  thecarbona.  An  adjusting  screw  attached  to  the  brake  allows 
the  apparatus  to  be  made  more  or  less  sensitive.  It  is  the  weight 
of  the  upper  carbon-holder  which  brings  the  carbons  together, 
and  the  attractive  action  of  the  electro- magnet  first  determines 
their  separation  in  order  that  an  arc  may  be  formed,  and  aft<^r- 
ward  stops  them  so  as  to  maintain  their  due  interpolar  distance. 


HIE    VON   HEFN£B  ALTENECE  ARC  LAVP. 

Figure  206  represents  the  Ton  Hefner  Alteneck  arc  lamp, 
manufactured  by  Siemens,  which  is  much  used  in  England 
and  Germany.  It  can  be  lighted  automadcally,  and  the  two 
opposite  actions  required  for  the  separation  and  approach 
of  the  carbons  are  determined  by  the  weight  of  the  upper 
carbon  holder  and  by  the  electromagnetic  vibration  of  a  rock- 
ing lever  which  acts  on  a  clockwork  mechanism  driven  in  the 
opposite  direction  by  the  weight  of  the  carbon  holder.  This 
mechanism  is  composed  of  four  wheels,  and  it  is  on  the  last  wheel, 
I,  furnished  with  a  ratchet  and  a  Oy  with  wings,  that  the  vibrat- 
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ing  electro-magnet  acts.  Tliis  last  ia  formeU  of  a  bent  lever ' 
jointed  at  Y,  and  carrying  at  M  the  armature  of  tlie  elect 
magnet  £.  Tliis  is  the  principal  organ  of  the  apparatus,  for  oil 
one  side  it  carries  a  contact  piece  wbicli  forms  with  the  stud  X 
the  vibrating  circuitbreaker,  and  in  tlie  second  place  the  An- 
tagonistic spring  of  the  system,  the  tension  of  which  ia  regulated 
by  means  of  the  screw  R,  and  dnally  the  driving  and  atoppiu 
catch  Q,  whicli  acts  ou  the  clockwork  mechanism  by  mean? 
the  ratchet  wheel  I.  A  tixed  piece,  S,  supjwrts  the  end  of  thi 
catch,  in  order  to  liberate  the  wheel  I,  at  a  suitable  inclinatic 
of  tlie  lover  L.  Finally,  a  screw  K,  which  posses  through  th^ 
case  of  the  lamp,  allows  the  distance  of  the  armature  to 
properly  adjusted  to  the  current  employed,  and  a  small  arldiiic 
N,  which  also  ])rojects  from  the  case,  sliows  whether  the  elecir 
magnetic  sjatem  is  properly  vibrating.  The  wire  of  the  electr 
magnet  b^  is,  moreover,  connected  with  the  moss  of  the  apparat 
in  order  that  the  current  which  passes  through  oud  illumii 
the  carhona  may  bo  derived  through  the  circuit  breaker  at  - 
attractive  movement  of  the  armature,  and  produce  the  vibratic 
of  the  lever  h,  by  closing  a  short  circuit 

The  action  of  this  apparatus  is  very  simple.  When  a  curreni 
passes  through  the  electro- magnet  E,  the  catch  Q  is  withdrawn 
from  the  wheel  I,  and  the  upper  carbon -holder,  by  weighing  ou 
the  wheels  of  the  clockwork,  sets  them  goiog  until  the  carbons 
guided  by  racks  engaging  these  wheels  are  brought  into  contacL 
But  if  under  these  conditions  the  generator  is  put  into  com- 
munication  with  the  lamp  by  the  binding  screws  Z  and  C, 
purrent  traverse:^  the  electro- magnet  E,  the  mass  of  the  apj 
ratus,  the  upper  carbon-holder,  the  lower  carbon-holder,  fto 
returns  to  the  generator  by  the  communication  connor 
with  the  binding  screw  Z ;  the  carbons  then  glow  at  lii  ^ 
of  contactftho  electromagnot  becomes  active,  and  the  catch  Q,  1 
acting  on  the  ratchet  wheel  I.  causes  it  to  advance  ono  tooth, 
whtcli  the  carbons  arc  separated.  But  in  this  movoinent  ft  ooat 
is  sot  up  at  X,  Iwtween  the  lever  and  the  screw  0.  and  thn 
rent,  finding  less  resistance  in  passing  by  that  path  tlian  t 
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the  electro-magnet  E,  in  a  great  measure  leaves  the  latter;  then 
the  armature,  beiug  no  longer  sufficiently  attracted,  causes  a 
backward  movement  of  the  lever  I^  which  again  withdraws  the 
catch  Q,  destroys  the  contact  at  X,  and  brings  about  a  new  at- 
traction of  the  armature,  involving  a  new  movement  of  the  wheel 
I,  and  as  these  alternating  motions  are  more  rapidly  effected 
than  thai  which  results  from  the  setting  in  motion  of  the  wheels 
by  the  action  of  the  upper  carbon  huldei's  weight,  the  carbons 
are  soon  sufficiently  apart  to  produce  a  voltaic  arc  of  suitable 
size,  which  incrcasesin  length  in  consequence  of  the  consumption 
of  the  carbons ;  but  when  their  distance  apart  becomes  too  great, 
the  intensity  of  the  curreut  becoming  too  weak,  is  unable  to 
cause  the  attraction  necessary  for  the  action  on  the  wheel  I,  and 
then  the  wheels  can  tuni  freely,  causing  thereb}'  the  approach 
of  the  carbons,  which  goes  on  until  the  current  has  regained  an 
intensity  sufficient  to  again  produce  the  effects  we  have  already 
studied.  By  a  suitable  adjustment  of  tlte  screws  K,  K,  and  Z, 
the  double  inverse  action  we  have  just  examined  may  be  made 
very  regular.  But  this  adjustment  is  very  delicate,  and  that  is 
perhaps  an  inconvenience  of  the  system. 

The  apparatus  is  also  provided  with  two  other  systems  of  reg- 
ulating screws,  one  of  wliich  moves  tlie  two  carltoua  and  the 
luminous  point  without  extinguishing  it,  and  the  other  allows 
one  of  the  carbons  to  be  displaced.  Finally,  screws  attached  to 
the  upper  carbon  holder  give  a  means  of  easily  fixing  the  car- 
bons with  regard  to  eaeh  other,  so  as  t9  supply  a  dilTuscd  or  a 
condensed  light  Two  small  bull's-eyes  in  the  side  of  the  lamp 
allow  the  action  of  the  delicate  parts  of  the  mechanism  to  be 
observed,  and  the  effects  of  the  regulator  to  be  noted. 

In  order  that  the  generator  of  light  may  work  always  under 
the  same  conditions,  wliatevcr  may  be  the  variations  in  the 
circuit  external  to  the  lamp,  Siemens  has  interposed  in  the 
circuit  a  regulator  of  rej«ist.^nce,  consisting  of  an  electro- magnet 
with  a  thick  wire,  the  armature  of  which  acts  in  the  manner  of 
a  relay  on  a  contact  which,  when  tlie  armature  is  not  altnuned, 
baa  the  eflect  of  introducing  into  the  circuit  a  derivation  with  a 
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resistance  nearly  equal  to  thni  of  the  voltaic  arc  Willi  a  imitti- 
ble  regulation  of  the  uuiagouiiitic  spriug,  the  deriraiion  is  there- 
fore substituted  for  the  voltaic  arc  whenever  the  resistaiKj^of 
the  ]atter  becomes  so  great  that  the  arraaturo  is  no  longer 
retained.  This  is  what  happens  not  only  when  iho  lamp 
is  put  out  or  withdrawn  from  the  circuit,  bat  also  when  very 
grciit  variations  oc<;ur  in  the  working  of  the  lamp.  The  helix 
forming  the  derivation  is  placed  in  a  tin  vessel  filled  with  water 
to  prevent  the  wire  from  becoming  too  hot  daring  long  inter- 
ruptions of  the  current,  such  as  thoee  required  by  replacing  tbe 
carbons. 

THE   SIKHEKS  AHO   I«AMF& 

Mr.  Siemens  has  invented  several  forma  of   lampi,  among 
which  are   the  following:      Figure    207    represents    a   form 


JCrju 
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t%y.  207. 

in  which  the  carbons,  C  C,  are  separated  by  the  rod,  R» 
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moved  by  means  of  the  lower  ann,  A,  wliicli  is  set  in  action  by 
the  electro-magnet,  E.  When  the  current  passes  through  the 
electro-magnet,  E,  and  the  carbons,  C  C,  the  rod,  R,  which  is 
made  of  a  refractory  substance,  thrusta  the  carbons  apart  If 
the  current  should  decrease  in  strength,  the  carbons  fall  together 
again,  and  the  current  is  not  broken  by  any  similar  lamp  on  the 
circuit  failing  to  perform  its  function. 
In  figure  208  one  carbon  is  set  in  oscillation  or  vibration  by 


E 


M 


means  of  tbe  lever  arm,  which  is  terminated  by  an  iron  cylinder, 
which  forms  the  movable  core  of  the  electro-magnet,  K  This 
carbon  has  to  vibrate  merely  S2  times  a  second  to  cause  the 

ftpljcarance  of  a  stdiuiy  light  at  the  |toint,  P.     This  lamp  also 
bdmita  of  many  lighui  in  tlie  same  cjrcuit. 

Figure  2"9  represents  another  form  of  the  same  idea,     Tlie 
upper  carbon  falls  gradually  upon  tho  lower  one,  which  is  set 

[  into  vibration  by  means  of  the  Lever  arm,  A,  whicU  is  set  in 
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action  by  the  clectro-raagnet,  E.     TUc  lower  carbon  mo-v^ys  ** 
quickly  that  the  upper  cjirhon,  wliicli  is  forced  down  mereljy^  '^^  ' 
its  own  weight,  cannot  sympathize  with  it,  and  a  small  voltai*:^  ^^ 


Fig.  309. 

is  therefore  produced  at  P.  The  fluctuations  of  this  arc  are  so 
rapid  that  they  are  said  to  produce  no  apparent  alternation  in 
the  light 

THE   RAPIEFP   ARC   LAMP. 

The  Rapiefi  lannp  is  represented  in  figure  210,  the  carbons  of 
which  are,  a  a',  b  h'.  The  yoltaic  arc  is  produced  at  C,  between 
the  upper  and  the  lower  pairs  of  points.  As  the  carbons  are 
coQSumed,  they  slowly  move  nearer  to  each  other  in  each  couple, 
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electrodes  a  o',  b  &',  supported  also  by  the  two  metallic  ormi 
dh,  cP  g.  As  the  upper  carbons  are  to  be  couiiected  with  the 
potiitive  pole,  they  arc  of  course  longer  than  the  lower.  This 
arrangement  is  completed  by  an  electro- magnetic  system  incloeed 
in  tlie  base  of  the  apparatus;  and  its  office  is,  when  the  current 
passes  and  the  four  sticks  of  carbon  are  in  contact,  to  separate 
the  two  systems  to  the  distance  necessary  for  the  formation  of 
the  arc  Tlya  effect  is  produced  by  means  of  a  cord  attached 
to  the  electro- magnetic  armature,  whicli  cord,  passing  within  ih« 
column  S,  acts  on  the  arm  d'  g.  A  reflector  of  a  cup  shapes 
either  of  silvered  copper  or  of  porcelain,  is  fixed  a  little  above 
the  point  of  contact  of  the  carbons,  and  adjusting  screws  enable 
the  luminous  beams  to  be  turned  in  any  required  direction. 

With  carbons  twenty  inches  long  and  one  qviarter  of  an  inch 
in  diameter,  the  liglit  supplied  by  the  lamp  lasts  for  ten  hom 
This  light  may  l>e  reckoned  at  100  or  120  gas  jets,  or  at  1,( 
candles;  but  with  smaller  patterns  one  may  be  obtained  not^ 
cceding  5  gas  jets.  The  inventor  lias  also  constructed  lamps  ! 
which  the  preceding  arrangement  is  reversed,  in  order  that  they 
may  be  hung  from  the  ceiling.  According  to  him,  the  resistance 
of  the  arc  does  not  exceed  3  ohms. 

In  another  arrangement  Rapicf!  combines  tlie  action  of 
voltaic  arc  with  the  luminous  effect  of  a  piece  of  kaolin  plftoed 
above  the  arc.  Tlie  four  carbons  are  then  arranged  so  aa  to 
form  the  fouredgesof  a  pyramid  broken  off  at  its  summit,  where 
a  kind  of  l>eU  of  kaolin  is  placed,  like  the  extinguisher  of  a 
[amp,  and  this  when  glowing  increases  the  illuminating  p' 
The  carbons  are  CarrtS's,  and  a  Gmmme  machine  is  the  gti  ji^ 
tor.  With  this  machine  10  lamps  of  the  first  described  jmtte^ 
may  be  lighted  by  placing  them  in  the  same  circuit 

The  great  advantage  claimed  for  this  lamp  is  that  it  will  goj 
whole  night  without  a  renewal  of  the  carbons;  its  intensity 
always  constant,  even  when  the  carbons  are  burned 
and  in  this  respect  the  lamp  is  preferable  to  the  Jai. 
candle,  tor  in  this  the  current  incnsases  in  energy  as  the  ' 
bums,  on  account  of  the  decrease  in  the  length  of  • 


current  bos  to  traverse,  while  in  tho  Rapieil  lamp  that  length 
ia  always  the  same. 

In  order  that  the  extinction  of  one  lamp  may  not  cause  that 
of  other  lamps,  KapicS  arranges  the  electro-magnet  that  sepa- 
rates the  carbons  in  such  a  manner  that  it  acts  us  a  commutator. 
When  the  current  passes  through  the  electro- magnet,  the  com- 
mutator ia  not  brought  into  action,  and  the  circuit  is  completed 
through  the  lamp ;  but  when  this  is  extinguished  or  withdrawn 
from  the  circuit,  the  electro-magnet  in  question  becoming  in- 
aclive^  causes  the  current  to  pass  through  a  derivation  in 
vbieh  a  resistance  equal  to  that  of  the  lamp  circuit  is  intro- 
duced, and  the  circuit  of  the  other  lamps  is  not  interrupted 
♦hereby.  This  effect  is  attained  by  means  of  a  second  armature, 
^vhich,  being  attracted  when  the  current  passes,  acts  as  a  keeper, 
*hus  increasing  the  electro- magnetic  action  exercised  on  the 
Xamp,  and  sets  the  commutator  in  action,  when  tho  current  no 
longer  passing,  the  armature  yields  to  the  antagonistic  action. 

In  a  new  pattern,  HapielT  luw  replaced  the  upjwr  carlKins  of 
*be  regulator  by  a  large  piece  of  carbon,  which,  as  in  Werder- 
znann's  lamp,  does  not  bum.  It  is  this  form  that  is  now  most 
employed. 

THE  CARRB   ABO  LAMP. 

Carry's  lamp,  rei>resented  in  fig.  211,  is  only  an  ingenious 
improvement  on  Archereau's  and  Gaiffe'a  regulators.  As  in 
those,  the  electro-magnetic  action  is  founded  on  the  attractive 
effects  of  Bolenoidi?,  but  these  effects  are  by  an  ingenious  ar- 
r;ingeraent  very  much  magnified,  and  the  mechanical  action  is 
produced  by  clockwork  acting  on  two  racks,  D,  E,  fixed  to  the 
carbon-holders,  and  controlled  by  a  detent  brought  in  action  by 
the  electro- magnetic  Hystem. 

This  system  is  formed  of  two  coils  B,  B',  having  their  axes 
Bliglitly  curved,  and  into  these  pass  the  endsof  a  soft  iron  e<jre  A 
A,  bent  into  an  S  shape,  and  tn  —  v  "  -it  its  middle  part  alwut  the 
centre  C.    A  double  set  of  nnui  springs,  r,  r',  regulated  by 

tho  adjusting  screw  V,  allows  t(ie  force  opposing  the  attraction 
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of  the  coils  to  he  puitably  adjusted,  and  a  rod,  <,  fixed  to  tb^ 
maguetic  core,  acts  ou  the  detent  of  the  clockwork.  The  motwn 
of  the  wheels  causes  a  forward  movement  of  the  two  racka  iu  ik 


FX9.  211. 


proper  proportion  for  keeping  the  jjoint  of  light  stationary.  Tl 
light  current  passes  through  the  two  coils,  and  according  as  i 
strength  varies,  the  iron  core  is  more  or  less  attraoted  within  tl 
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coils,  a  aaf!lcient  decreose  causing  n  roleaso  of  the  detent,  where- 
upon the  approach  of  the  carbonB  ensues. 

In  this  system,  as  iu  those  of  Archereau,  Galile  and  Jasper, 
the  increase  of  the  currviit  has  the  eftect  of  aojmratiug  the  car- 
bons  from  each  other,  and  the  clockwork  brings  them  nearer  to- 
gether ;  but  as  under  these  conditions  the  path  of  the  movable 
piece  iu  the  electro-magnclio  system  is  considerable,  and  as  the 

Kctive  effect  is  much  less  sudden  than  in  the  case  of  electro- 
lets  with  turning  armatures,  the  separation  of  the  carbons 
are  produced  freely  and  without  oscillatiooB, 

THE   SEDLACZKtt  AND  TmCULILL    ARC    LAMl'    FOK  LOCOMOTIVE 

HEADLIGHT. 

be  principal  difficulty  in  the  use  of  the  ordinary  arc  lamp 


ko  headlights  of  locomotives  bos  been  that  the  jarring  of 
pne  while  in  motion  affeotd  the  regulating  mechanism,  so 


smaller  one,  a,  being  heaviest  and  connected  witli  the  positive 
carbon.  The  relative  size  of  the  two  pistons  is  such  that  when 
the  piston,  a,  falls  of  its  own  gravity,  the  piston,  i,  rises  half  the 
distance. 

The  regulation  of  the  motion  of  the  pistons  is  effected  by  en- 
lai^ing  or  contracting  the  opening  between  the  two  cylinders. 
This  is  done  by  opening  or  closing  a  piston  valve  which  is  con- 
trolled by  an  electro-magnetic  helix  in  the  circuit  or  by  a  cen- 
trifugal governor. 

When  the  electro- magnet  is  made  weaker  by  the  weakening 
of  the  current  following  burning  away  of  the  carbon,  the  piston 
a  is  moved  bock  by  the  action  of  a  spring,  tbe  communication 
is  established  again,  and  the  carlwns  approach  each  other.  By 
another  position  of  the  valve  the  fluid  passes  through  a  larger 
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I  hole  to  allow  a  quicker  movement  of  the  pistons  when  new  car- 
bons are  to  be  put  in. 

Insteatl  of  using  an  electro-magnet,  the  regulation  of  tbe  arc 
can  be  secured  also  direct  by  the  motion  of  the  machine  itself. 
For  this  purpose  the  shaft  is  connected  with  the  piston,  a,  by 
means  of    a    centrifugal    governor,  /       When    Iha    machine 


'^ 


?fi^ 


L-^^ 


^the  )>iston  valve,  rf,  is  pulle<l  out  by  the  governor,  ami 
tho  passage  against  the  piston,  a  ;  in  further  pulling 
^ut  the  arc  is  established  by  drawing  the  liquid  after  it,  and 
thus  lowering  piston,  &.  The  burning  awa^'  of  the  carbon  in* 
creases  the  speed  of  the  engine  and  machine,  and  a  further  pull- 
ing out  of  the  piston  valve  takes  place,  until  a  second  opening 
allows  the  oommunicalion  of  the  fluids  as  soon  as  the  arc  be- 
comes too  long.  Then  the  carbons  approach  each  other,  the 
machine  runs  slower,  the  governor  pushes  the  piston  back  and 
cUwes  tbe  opening  again. 

the  fluid  Vietween  the  two  pistons  cannot  be  compressed, 
o'^um  can  bo  formed,  the  lamp  burns  well  in  spite 
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fed  downward  by  mechanism  contained  in  the  box  above,  and 
is  carried  by  a  vertical  round  rod  called  the  carbon  holding  rod. 
The  regulating  box  contains  mechanism  for  feeclin^  the  carbon 
ssfast  as  it  is  consumetl,  and  at  tlie  same  time  to  muintain  the 
arc  or  space  between  tU©  carbons  in  burning,  of  such  extent  as 
to  give  a  steady  light 

The  lamp  contains  an  automatic  safety  device  for  preserving 
■*be  continuity  of  the  circuit  in  case  of  accidental  injury  to  the 
:f  eeding  mechanism  or  the  carbons  of  the  lamps. 


TBE  Mi;LLEK  APC  LAUF. 

The  arc  lamp  invented  by  Mr.  Miiller,  fig.  216,  has  n  novel 
«iir  check,  which  regulates  the  movement  of  the  upper  carbon. 
■^'he  lamp  is  made  in  two  forms,  one  bomiug  a  simjjle  pair  of 
«2arl)OD8and  limited  as  to  the  time  it  will  burn  continuously;  the 
«:5ther  form  is  of  the  same  general  construction,  but  made  in 
duplicate,  so  that  it  will  burn  two  or  more  pairs  of  carbons  iu 
^sracoession. 

In  this  lamp,  when  the  light-nrc  is  very  small,  there  is  very 

little  resistance  in  the  circuit,  and  the  helix  draws  its  core  in- 

'Trard,  raising  the  free  end  of  the  lever,  A,  as  far  as  the  upper 

«crew   will   permit     This  causes  a  pawl  to  engage  with  the 

JBtchet-wbeel  of  ihe  feeding  mechanism,  which  is  rotated  a  short 

distance  in  the  proper  direction  to  raise  the  positive-carbon 

liolder  and  lower  the  negative-carbon  holder,  thus  separating  the 

carbon  poiots.     This  operation  is  repeated  every  time  the  carbons 

approach  each  other  too  much.    The  rapid  descent  of  the  carbons 

J3  prevented  by  the  piston  att^iohed  to  the  upper  or  positive- 

cfirbon  holder.     The  weight  of  the  upper  carbon  and  its  holder, 

acting  on  the  ratchet-wheel  and  its  shaft,  raises  the  lower  carbon 

holder.     As  the  jxMitivc  carbon  is  consumed  twice  as  rapidly  as 

tlio  iicgHtivc  carbon,  the  wheel  which  it  moves  must  have  twice 

the  diameter  of  the  wheel  which  moves  the  negative  carlx)n. 

Afl  long  afi  there  are  any  carbons  in  the  tirst  lamp,  the  current 

pfUBca  into  t"  irbon  holder,  the  positive  and  negative 

Gftrbons,  the  .1 ,  ....  j.mt  piece  of  tht*  .■imintnrc,  and  from  there 
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to  the  generator.    During  this  time,  the  armatare  at  the  sidi 
the  lielix  is  atiraeied  by  the  pole  piece  at  the  lower  end  of 
helix.    As  soon  as  tlie  fii*si  set  oi  carbons  is  consumed  to  s 
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an  extent  as  to  interrupt  the  circuit,  the  side  armature  is  released 
from  the  pole  piece  and  is  pi-essed  against  a  contact-strip  which 
sends  the  current  through  the  second  set  of  carbons.  As  soon 
as  the  second  set  of  carbons  is  consumed,  the  armature  of  that 
lamp  is  released  in  the  same  way,  sending  the  current  to  the 
third  set  and  so  on. 


THE   SEBHIN   ABO  LAMP. 

Fig-  217  represontfl  the  Serrin  regulator     At  tbe  top  of  the 


Fw.  :n. 


lamp  J3  a  horizontal  connecting  link,  which  may  be  moved  to 
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and  fro  by  means  of  an  adjusting  screw.  The  stud  immediatdy 
below  is  attached  to  a  small  eccentric,  and  by  turning  the  two 
the  upper  carbon  holder  can  be  moved  in  both  directions,  so  m 
to  adjust  its  point  exactly  opposite  to  that  of  the  lower  carboa 
The  vertical  nxl  holding  the  upper  carbon  slides  in  the  Tertical 
standard  and  extends  into  the  body  of  tlie  lamp,  the  lower  part 
being  provided  with  a  rack  It  ia  this  rod  which,  by  its  gravity, 
forms  the  motive  power  of  the  lamp 

The  rack-work  of  the  positive  carbon  holder  acts  on  a  series 
of  multiplying  wheels  for  the  increase  of  speed,  the  last  of  which 
corresiwuda  with  a  wheel  carrj-ing  a  certain  number  of  long  teeth 
in  the  form  of  a  star.  When  no  current  passes,  and  the  carbtMU 
are  separated,  a  motion  of  the  wheels  takes  place  until  the  car- 
bons toucli.  At  that  moment  the  electro-magnet  beoomes 
active,  attracts  its  armature,  and  causes  the  descent  of  a 
movable  oblong  check  to  which  it  is  fixed;  this  csatchea  the 
toothed  wheel,  stops  the  descent  of  the  upper  positive  car- 
bon, and  lowers  the  negative  carbon,  which  is  fixed  to  this 
movable  piece.  If  tlie  arc  is  lengthened,  the  strength  of  the 
current  is  Iessene<l,  the  movable  piece  ascends  under  the  action 
of  two  supporting  springs  and  liberates  the  large  tootliod  wheel 
The  upj>er  carbon  can  now  descend  a  certain  distance,  until  thd 
oro  is  sufficiently  shortened  and  the  strength  of  the  oarrent 
restored  to  its  normal  condition,  when  a  fresh  stoppage  ensues, 
and  thereby  establishes  a  new  state  of  equilibriunL  If,  on  the 
contrary,  the  carbons  are  too  close  to  one  another,  the  strength 
of  the  current  increases,  the  movable  ]>iece  is  more  strotigly 
attracted  by  the  electro-magnet,  and  continues  to  desoend,  pro- 
ducing a  lengthening  of  the  voltaic  arc.  On  the  left  of  tba 
figure  is  a  screw  which  tightens  or  loosens  the  retrace  "  'ig 

of  the  electro  magnet.  In  this  form  of  the  Serrin  U  j.  .-a* 
Btructed  by  Suisse,  the  luminous  point  changes  and  doaccods  ia 
pro[iortion  to  the  consumption  of  tlie  carlton.     In  an  d 

model,  the  luminous  point  remains  constant,  bocauso  ... 
tive  carbon  descends  and  the  negative  carbon   ii-**'^'^ 
same  time  at  a  relative  rate  previously  calculate 
nearly  as  two  to  one 
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THK    SCHMIDT    ARC   LAMP. 


Among  the  arc  lamps  shown  at  the  recent  International  Ex- 
hibition of  Electricuy,  at  Munich,  was  a  full  series  of  Mr.  Franz 
Schmidt's  regulators.  The  principle  upon  which  these  apparatus 
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**Te  based  is   explained  by  the  diagram  in  fig,  218.     Each  of 
the  electros,  A,  B,  C  and  D,  is  doubly  wound  with  coarse  and 
fine  wire.     The  coarse  wire  of  the  four  electros  form,  with  the 
arc,   the  principal  circuit,  and  the  direction  of  tlie  winding  is 
such  that,  when  the  current  passes,  B  andD,  as  well  as  A  andC, 
tend  to  recede  from  each  other.     The  fine  wire,  in  derivation  on 
the  arc,  forma  a  circuit  wound  in  such  a  way  that,  under  the  in- 
fluence of  ihecurrfiit  tliat  is  traversing  it,  B  and  D,  ua  well  as  A 
and  C,  tend,  on  tlie  conti-ary,  to  approacli  one  another.     When 
the  lamp  is  in  ojwration,  these  two  actions  counterbalance  each 
other  so  as  to  keep  the  carbons  at  a  normal  distance  apart 
When  the  arc  becomes  too  large,  the  Juxtapositing  current  in- 
creases and  the  c-irbons  are  brought  back  to  their  first  position. 
Figs.  220  and  223  show  two  applications  of  this  principle  with 
four  and  Iwoelectroa.     In  the  apparatus  in  fig.  221  the  two  elec- 
tros, B  B',  that  attract  and  repel  each  other,  are  mounted  on  rails, 
H,  and  g\iided  by  a  rod,  T.     In  the  arc  in  fig.  222,  the  motions 
o(  the  electros  are  transmitted  to  the  cArbons  by  a  double  sys- 
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sistance  of  the  arc  becomes  bo  great  that  enough  current 
through  an  electro- magnet  shunt  to  loosen  the  clutch,  which  al- 
lows the  carbons  to  approach  until  Uiey  are  again  -^  of  an  inch 
apart  This  action  g<)es  on  until  the  carbons  are  consumed. 
There  is  a  gh'cerine  <lash  pot  which  regulates  the  action  of  the 
clutch  on  the  brass  rod  carbon  holder,  thus  preventing  anv  sud- 
den action,  and  also  enables  the  carbons  to  approach  each  other 
until  they  are  entirely  consumed,  and  never  to  come  in  contact 
while  the  current  is  flowing  tlirough  the  lamp.  There  is  a  re- 
sistance coil  through  which  the  current  is  shunted  if  tlie  uiechun- 
ism  in  tlie  lamp  ever  foils  to  work,  or  if  the  carbons  are  entirely 
consuined,  the  current  is  switched  through  this  coiL  This  coil 
is  of  the  same  n»iistaiicc  as  the  sxrc,  no  that  if  the  lamp  for  any 
reas(«i  ever  gocd  out,  the  other  lamps  in  the  same  circuit  are  not 
affected. 

Tlie  front  part  of  the  cylindrica!  case  can  be  ea.sily  removetl 
if  nece&yir}',  to  getat  the  niechanisni  of  the  lamp.  It  is  not  nocec- 
sary  to  remove  the  glass  globe  to  place  the  carbons  in  poisition. 
The  negative  carbon  is  inserted  through  the  bottom  of  the  lamp 
by  removing  the  conical  shaped  terminal,  and  the  positive  car- 
bon is  placed  in  position  without  removing  anything. 

The  lany5  is  finished  in  bronze  and  nickel,  and  is  ver\'  unui- 
mental. 

THE   PORNFIELD   LAMl'. 

Fig.  225  represents  !he  Domfield  lamp.  'The  two  cnrtioQ 
holders,  a  and  fr,  are  suspended  by  corU  puling  over  two  pal* 
leys  fixel  to  the  same  shafL  The  puilcy  ovt^r  which  the  card 
of  the  positive  carbon,  a,  pusses,  is  twice  as  large  as  the  pull«y 
to  which  the  cord  of  the  negative  carbon,  £,  is  attached.  Br 
this  arrangement  the  uneven  wearuf  the  two  carlx^na  i 
sated,  and  the  focus  of  the  light  is  kept  stulionarv  i>r. 
bona  are  consumed.  To  regulate  the  full  of  the 
holder,  a,  wliicli  mxist  not  be  made  ver-  iv*\t 

should  be  checked  by  dtist  or  oil.  n  Ily,  ii\    . 
a  small  pinion  gearing  into  tlie  toothed  wh« 
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shaft  By  this  arrangement  the  resistance  of  the  air  is  em- 
ployed to  regulate  the  speed  with  which  the  rod,  a,  is  allowed 
to  run  down. 

The  toothed  wheel  is  not  keyed  to  the  horizontal  shafts  but 
connected  to  it  by  a  ratchet  clutch,  so  that  when  lifting  the 
holder  to  insert  a  new  carbon,  it  can  be  raised  without  rotating 
the  wheel  train. 

The  distance  between  the  two  carbon  points  is  regulated  by  a 
friction  brake,  acted  upon  by  a  solenoid,  the  coil  of  which  is 
constantly  in  circuit  On  the  same  shaft  that  carries  the  cord 
pulleys  IS  fixed  a  friction  disk,  acted  upon  by  a  brake,  which  is 
moved  by  the  solenoid  plunger,  M.  When  the  circuit  in  the 
lamp  is  closed,  while  the  two  carbon  points  rest  upon  each 
other,  the  solenoid  plunger,  M,  is  attracted,  and  by  means  of  a 
brake  actuates  the  friction  disk,  thus  separating  the  two  points 
to  the  desired  distance,  which  can  be  adjusted  by  the  set  screw, 
0.  As  the  carbons  burn  away,  the  current  in  the  solenoid  be- 
comes weak,  and  the  magnetic  attraction  is  overcome  by  a  spiral 
spring,  2>,  the  strength  of  wliich  can  be  regulated  by  a  set  screw, 
q;  the  carbon  points  then  move  toward  each  other  till  the 
strength  of  the  current  is  sufliciently  increased  for  the  solenoid 
to  recommence  its  action. 

THE   CLERC   LAMP. 

Figure  226  represents  one  of  the  earlier  forms  of  the  incan- 
descent arc  lamps,  invented  by  M.  Clerc,  known  as  the  I^mpe- 
SoleU. 

Two  carbons,  inclined  at  an  angle  of  40°,  slide,  impelled  by 
their  own  weight,  in  a  rectangular  block  formed  by  the  com- 
bination of  refractory  materials.  The  arc  playing  between  the 
extremities  of  the  carbons,  lieats  mternally  the  vertex  of  an 
angular  piece  of  marble  placed  on  the  bottom  or  side  of  the 
block,  and  the  lummous  rays  are  projected  in  a  rerj  c(pm. 
conical  sheaf,  either  downward,  as  shown  in  fig.  286^  or  Mdlu 
ways,  when  the  open  part  of  the  piece  of  znarUe  u  r*--^^  "^ 
the  side  of  the  block. 


Fi^-  226. 

^^'^tpt^ed  and  the  arc  is  formed  The  light  is  produced  as 
'^^Uch  by  tUearc  itself  as  by  tlie  incandescence  of  the  marble, 
^oich  la  transformed  into  lime  by  ilie  heat  of  the  arc 

Tho  diagram,  Ogure  227,  shows  the  connections  for  working 
tbe  lamp.     A  wire  froru  the  machine  goes  to  the  smgle  block 
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of  the  switch,  iim\  above  this  two  wires  are  letl  to  tlie  ^<^^ — ^ 
one  for  each  lamp,  L,  L,  a  common  return  being  uaed  thrott=^— ^ 
a  lioHow  coll,  5.     By  plugging  up  either  the  right  or  left  ] 
hole  in  the  Rwitch,  the  current  may  be  sent  either  into  one 
tlie  other  of  the  two  lamps.     We  have  for  simplicily  only  sho' 
one  double  lamp  in  the  circuit,  although  there  arc  actually  tm 


Fi'j.  22T. 

A  core  in  the  liollow  coil  moves  an  index  arm  over  a  scale 
graduated  in  ampfires  arrived  at  by  comparison  with  a  Siemens 
electro-dynamometer.  Should  any  accident  hajfpen  to  the  cir- 
cuit, tliis  core  would  drop  upon  and  short  circuit  the  two  springs 
underneath,  which  are  attached  to  the  two  small  terminals  be- 
tween which  a  battery  and  bcU  may  be  placed  ao  as  to  give  an 
alarm. 

Figure  228  shows  an  ingenious  and  simple  form  of  self  lighting 
lampe*soleil 
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As  the  carbons  consume  they  are  pushed  forward  hj  the 
loosening  of  the  spiral  springs  encircling  the  tubes,  the  movable 
shoulders  to  which  one  end  of  the  respective  springs  are  attached 
being  allowed  to  slide  in  a  groove  cut  in  the  sides  of  the  tubes. 
The  ends  of  the  carbons  rest  on  each  side  of  the  cavity  cut  in 
the  marble  block,  M.  One  of  these  carbons  is  hollow,  and 
passing  through  it  is  a  small  carbon  pencil,  C,  which  reaches 
across  the  chamber  in  the  marble  and  touches  the  other  carbon. 
On  the  top  of  the  lamp  is  a  solenoid,  S,  whose  core  in  its  normal 
state  is  pulled  nearly  out  by  the  weight  W,  at  the  end  of  a 
pivoted  lever.  When  a  current  passes  through  the  apparatus 
the  core  is  drawn  inside  the  solenoid  and  the  lever  lifted,  which 
in  its  turn  draws  out  to  a  certain  distance  the  carbon  pencil,  C. 
Of  course  directly  the  small  carbon  breaks  away  from  the  end  of 
the  large  one  an  arc  is  formed,  which  follows  the  withdrawal  of 
the  pencil  until  it  reaches  the  end  of  the  large  hollow  carbon. 
The  lamp  then  continues  burning,  the  carbons  being  pushed 
forward  as  consumecL 

Figure  229  is  a  general  view,  and  figure  230  shows  the  mech- 
anism of  M.  Clerc's  latest  improved  form  of  the  lampe-soleil. 
The  carbon  rods,  one  of  which  is  solid  and  the  other  drilled — 
for  the  purpose  of  allowing  a  small  carbon  rod  to  be  passed 
through,  which  makes  contact  with  the  end  of  tlie  solid  carbon, 
and  which  being  withdrawn,  either  by  liand  or  automatically, 
forms  the  arc  between  the  two  carbon  rods — are  placed  horizon- 
tally, and  as  they  consume  they  are  gradually  pressed  forward 
by  means  of  springs  (easily  traced  in  the  figure)  which  short- 
circuit  the  lamp  when  the  carbons  have  been  pushed  to  their 
distinco  limit.  A  safety  switcii  is  mounted  on  the  upper  por- 
tion of  the  lamp  bracket,  through  which  the  current  passes  by 
two  paths. 

A  portion  goes  through  the  German  silver  resistance  coils, 
shown  on  each  side,  then  through  two  mercury  cups  connected 
together  by  means  of  a  metal  fork  attached  to  a  soft  iron  core, 
and  from  thence  to  lino  ;  the  other  part  traverses  the  main  cir- 
cuit, consisting  of  a  short  coil  of  moderately  thick  copper  wire, 
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'      ihon  the  drilled  carbon  rod,  acrc»s  the  connecting  projection  of 

B  the  small  carbon  pencil  to  the  other  carbon  and  to  line,     The 

effect  ia  that  the  soft  iron  core  is  pulled  into  the  main  circuit 

coil,  and  the  metal  fork  being  liftcil  out  of  the  mercury  cupsthe 

derived  circuit  is  broken.     Should  any  accident  occur  to  the 
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working  parts  of  the  lamp,  such  u3  an  extinction  and  being  un- 
able ii»  relight,  llie  core  drops  again,  tlie  circuit  is  completed, 
and  tlie  remainder  of  the  lamps  on  the  ftame  line  are  unaffected, 

Rmain  circuit  ooil  is  shown  in  detail  in  figure  281,  together 
the  mercury  cupa, 
if 


Fig.  333. 

Figure  232  is  a  sketeh  of  tlie  carbon  rods  and  the  carbon 
pencil,  which  passes  through  the  hollow  one  for  the  purpose  of 


igniting  and  relighting. 


bon  to  fall  into  the  electric  arc,  in  order  to  increase  the  quantity 
of  solid  particles  raised  to  incandesce nco. 


None  of  the  corliur  forms  of  arc  regulators  allow  of  more  than 
one  lamp  being  placed  in  the  same  circuit,  for  the  reason  that 
the  movement  of  the  carbons  is  effected  by  an  electro-maguet 
which  is  governed  by  tlie  variations  in  the  strength  of  the  cur- 
rents produced  by  the  lengthening  or  shortening  of  the  arc.  If 
two  lamps  arc  placed  in  the  some  circuit,  tlie  lengthening  of  one 
of  the  two  ares  is  sufficient  to  set  the  two  electro  magnets  in 
action^  and  at  the  same  time  to  shorten  both  the  voltaic  arcs: 
upon  this  the  second  lamp  immediately  ceases  to  act,  when  it  is 
merely  a  question  of  regulating  the  distance  between  the 
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b<»ia  of  the  first.  In  other  cases  one  arc  might  be  very  long  and 
the  other  very  short  without  interfering  with  the  cquilihriuin, 
since  the  strength  oE  the  current  would  bo  the  same  as  if  the 
two  arcs  liml  the  mean  length  necessary*  for  their  eflieient  work- 
ing. The  connection  of  the  two  regulators,  therefore,  entails 
in  each  of  tlieiii  i^luinges  which  finally  result  in  a  complete  dia- 
arrangement  of  the  whole  apparatus, 

Within  the  last  few  years,  however,  a  numlier  of  regulators 
have  been  constructed  whicli  permit  of  many  lamps  being  suc- 
cessfully used  in  the  same  circuit  without  interfering  with  each 
other.  All  the  regulatora  employed  fi)r  this  purpose  arc  founded 
on  the  principle  of  derived  or  shunted  currents.  The  priority 
for  the  application  of  the  principle  of  shunts  to  electric  ait!  regu- 
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lators  has  been  claimed  by  Lontin,  Tchikolcff,  and  Von  Hefner 
Alteneck. 

M.  Lontin's  electric  arc  regulator  (fig.  234)  is  base<l  on  the  laws  of 
derived  currents  which  may  beexpressed  simply  as  follows :  When 
from  any  electric  source  there  i.ssuc  two  cin*uitH  with  different 
rosistanccs,  in  each  of  them  there  passes  a  current  whose  strength 
is  in  inverse  proportion  to  the  reaisUnca  If  we  compare  the 
5ource  of  eletjtricity  to  a  reservoir  of  water  placed  at  a  certain 
elevation  and  the  circuits  of  unequal  resistance  to  two  delivery 
pipes  of  unequal  diameter,  we  know  that  the  larger  pipe  will 
allow  of  the  greater  outflow  of  water;  and  just  so  the  less  re- 
sistant circuit  will  allow  the  greater  quantity  of  electricity  to 
poas.     Starting  from  this  principle,  it  is  easy  to  understand  the 
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mechanism  of  M.  Lontin's  regulator.  The  current  from  the  posi- 
tive pole  of  the  generator  comes  to  the  lamp,  at  o,  (fig.  234,)  where 
it  divides,  a  portion  passing  over  the  horizontal  rod  to  the  upper 
carbon  c,  thcnec  through  the  arc  to  the  lower  carbon  c\  thence 
via  B  to  the  negative  pole  of  tlie  generator.  The  other  portion 
of  the  current  which  divides  at  o,  posses  through  the  coils  of  a 
fine  wire  electro- magnet  of  great  resistance  to  B  and  thence  to  the 
generator.  Thearmatureof  thiselcctro-magnet,when  it  is  inacti^'e, 
arrests  the  mechani.sm  wliicli  serves  to  approximate  the  carbonsL 
The  apparatus  being  properly  regulated,  the  greater  part  of  the 
current  passes  into  the  voltaic  arc,  because  its  resistance  is  infinitely 
weaker  than  that  of  the  electro- magnet  But  upon  the  wasting 
away  of  the  carbons,  the  resistance  of  the  voltaic  arc  increasee 
with  their  distance,  and  the  result  is  that  the  strength  of  the  cur- 
rent whieh  triiverses  the  electro-magnet  increases  until  it  is  suffi- 
cient to  cause  the  latter  to  attract  its  armature  (which  is  sus- 
tained by  a  spring  R,  regulated  beforehand),  and  to  set  free  the 
mechanism  that  draws  the  carbons  toward  each  other.  In 
proportion  as  such  approximation  takes  place,  the  resistance 
of  the  arc  diminishes,  and  the  electro -magnet  becomes  weaker 
and  drops  its  armature ;  and  then  the  tatter  arrests  the  fi 
ward  movement  of  the  cai'bons,  and  so  oa 
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Von  Hefner  Alteneck's  ditlerential  arc  lamp,  constructed  by 
Siemcnis  i» shown  in  I'ig.  235.  The  regulator  depends  for  its 
action  upon  the  principle  of  shunted  currents,  and  of  the  differ- 
ential force  which  they  exert  in  proportion  to  their  relative 
strengths.  The  current,  arriving  from  the  machine  at  L,  fig. 
286,  is  divitled  into  two  parts;  one  part  of  the  current  traverses 
a  coil,  T,  formed  of  very  fine  wire,  and  of  great  resistance,  and 
leaves  by  6  L'  to  enter  the  following  lamp ;  a  second  part  of  the 
current  traverses  a  coil,  R,  with  a  coarse  and  short  wire.  On 
leaving  R,  it  traverses  the  lever  dc'  a  and  the  arc  formed  be- 
tween the  carbons,  j,  A,  and  passes  from  h  L'  over  into  the  fol- 
lowing lamp. 
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cle^,  therefore,  that  for  a  couvenient  resistance  of  the  voltaic 
arc,  the  relative  resistances  of  the  two  circuits  will  tend  to  equal- 
ize the  actions  of  the  coils  on  the  rods,  s  s,  and  the  lever,  c  d  a, 
will  take  up  a  certain  position  of  equilibrium.  If  the  resistance 
of  the  arc  increases,  this  equilibrium  will  be  destroyed,  the  ac- 
tion of  the  coil,  T,  will  become  predominant,  the  lever,  c  d  a^ 
will  oscillate  round  d^  and  will  cause  an  approach  of  the  carbons. 
The  opposite  effect  will  be  produced  if  the  resistance  diminishes, 
for  then  the  coil,  R,  will  act  more  energetically  on  the  rod  «,  and 
a  withdrawal  of  the  carbons  will  ensue.  The  regulator  no  longer 
acts  by  the  variations  of  the  strength  of  the  current  in  the  cir- 


/Vy.   236. 

cuit,  as  in  Serrin's  lamp,  but  by  the  variations  of  resistance  of 
the  arc.  If  the  action  of  the  coil,  T,  })reponderates,  a  small 
ratchet  wheel  is  released,  which  allows  the  upper  carbon  to  de- 
scend by  its  own  weight  In  order  to  render  that  descent  slow 
and  regular,  there  is  a  sort  of  small  pendulum,  which  only  al- 
lows the  escapement  of  one  single  tooth  by  oscillation,  and  as 
the  descent  can  be  arrested  at  each  fifth  part  of  an  oscillation  of 
the  pendulum,  the  movements  are  absolutely  imperceptible, 
and  do  not  interfere  in  the  slightest  degree  with  the  steadiness 
of  the  light 

The  solenoid  is  connected  with  a  little  air  pump,  in  order  to 
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irnOer  its  moveinenta  more  gentle,  and  to  prevent  it  from  vi- 
bmtiug  under  the  infinence  of  tlie  alternate  current  When  the 
witiidrawal  of  the  carbons  is  produced,  tlie  mechanism  is  raised, 
togctlicr  with  the  upper  carbon,  until  the  distance  is  reached  for 
which  tlic  apparatus  has  been  regulated.  This  regulation  is  very 
t'lusily  effected,  without  a  spring,  by  raising  more  or  less  the<K>il 
of  fine  wire,  in  order  to  vary  its  aclioii.  The  lower  carbon  being 
fixed,  the  luminous  point  descends  in  proportion  to  the  con- 
sumption of  the  car)>ons,  but  as  the  mccbanistn  is  placed  alto- 
gether above  the  luminous  jwiut  no  shade  is  thrown  by  the 
socket  of  the  apparatus,  and  Uiis  uLsplacement  entails  no  incon- 
venience under  these  conditions,  especially  when  tlic  lamp  is 
placed  rather  Uigli.  The  mechanism  is  hidden  in  a  coj)per  cylin- 
der, which  preserves  it  and  is  used  for  its  suspension.  The  rack- 
work  of  the  movable  earbon-holder  carries  a  small  cross-beam ; 
when  the  rack-work  is  at  the  end  of  its  course,  this  cross-beam 
presses  against  two  aniall  platinum  contacts  connected  with  the 
tormioalS}  und  estabhslics  a  direct  communication.  This  pre- 
vents the  extinction  of  all  the  lamps  of  one  circuit  when  the  car- 
bons of  one  of  these  lamps  are  used  up,  and  it  has  been  forgot- 
ten to  replace  them  in  time  A  generator  ^vith  sixteen  bobbins 
expends  with  its  charpiug  machine  about  ten  horac  power,  and 
feeils  twenty  lamps  of  a  power  of  about  twenty-five  carcel  burn- 
ers each.  Ten  of  these  lamps  can  be  successfully  placed  in 
^series  on  the  circuit  of  a  Siemens  alternating  current  machine, 
each  lamp  being  independent  in  its  action  of  all  the  others. 

THE  TCHIKOLEFF  I.AMP. 

The  Tchikoleff  regulator,  tig.  287,  is  bused  upon  the  diileren- 
lial  action  of  derived  currents.  E  E'  are  electro -magnets,  to  the 
poles  of  which  are  attached  circular  plutca  of  iron  a,  b,  which 
nearly  envelop  an  armature  K,  composed  of  a  ring  of  soft  iron, 
with  insulated  copper  wire  wound  over  ita  surface,  llic  rota- 
lion  of  the  armature  causes  the  carbons  to  move  by  the  action 
of  a  right  and  left  screw  on  the  two  nuts  B,  C,  which  serve  as 
carbon-holders.     The  screw  D  ia  used  to  raise  or  lower  the  la- 


the  arc,  excites  ibo  electro-magDct  £ ;  and  finally  a  third,  H 
without  passing  across  the  arc,  excites  the  electro-magnet  o 
wire,  E',  but  in  such  a  manner  that  its  action  on  the  spn 
contrary  in  direction  to  that  of  E. 
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As  a  rcfiult  of  this  arrangement^  with  a  normal  resistanoe  of 
^tJie  arc  x,  the  iuilueuoc  of  the  elcctro-magneta  E,  E',  on  tlic  ling 
if  will  be  about  nil ;  but  if  tke  resistance  of  tlie  arc  increases, 
-ie  action  of  the  electro-magnet  E,  becoming  more  feeble,  will 
!  overpowered  by  that  of  the  electro-magnet  E',  and  the  ring 
will  move  in  such  a  manner  as  to  bring  the  carbons  nearer 
j  ^^fcixjgether.  The  inverse  effect  will  naturally  take  place  if  the 
k  -^^K-csistance  of  the  arc  dimiuiah. 


TUK  GRAMME    LAMP. 


The  Gramme  lamp  depends  for  its  action  npon  a  derived 

-^■wrrent  passing  through  a  tine  wire  electro- magnet,  which  comes 

^3dio  play  when  the  distance  between  the  carbons  increases.   Fig. 

^38  represents  a  front  view  of  the  apparatus.     The  current  is 

letl  from  the  generator  to  the  terminal  on  top  of  tlie  lamp,  whence 

it  passes  by  the  upper  carbon  holder,  through   the  carbons, 

thence  through  the  rods  carr^'ing  the  lower  holder,  and,  after 

traversing  tlie  coarse  wire  electromagnets  A,  A,  it  passes  back 

to  the  generator  by  the  n^ative  terminal  which  is   insulated 

from  the  lamp. 

The  lower  carbon  holder  consists  of  the  slip  G,  carrying  the 
carbon,  the  two  rods,  £,  E,  and  the  cross-piece  C,  at  the  top  of 
the  lamp.  The  cross-piece  C  forms  the  armature  of  the  coarse 
wire  coils,  A  A,  which  are  employed  for  moving  the  lower  car- 
bon. The  rods,  E,  E,  are  held  up  by  spiral  springs  R  R,  which 
are  attached  to  the  rods  at  X  and  Y.  These  springs  are  suf- 
ficient to  hold  up  the  negative  carbon  when  no  current  is  pas- 
sing; but  when  a  current  passes  through  the  upper  coils,  the  ar- 
mature C  is  attracted  and  forces  the  lower  carbon  down  tc  the 
extent  of  its  motion,  which  is  very  slight,  the  feed  being  almost 
wholly  confined  to  the  upper  carbon.  The  electromagnet B, 
coiled  with  fine  wire,  is  the  main  agent  in  this  operation.  On 
(he  top  of  this  magnet  resta  a  platform  having  two  small  stand- 
urds,  K.  These  carry  by  screw  trunnions,  V,  the  balanced  lever 
L)  which  is  normally  maintained  in  a  horizontal  position  by  the 
coiled  spring,  U.     This  spring  can  be  delicately  adjusted  to  set 
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"tlic  lever,  L,  in  its  right  posiiiou.     At  one  end  of  this  l<*ver  is 

'^he  armature,  I,  at  thcother  end  of  the  lever,  L,  is  the  adjustable 

^screw,  M,  which  presses  upon  the  bent  spring,  N,  fafiteaed  to 

"the  frame  on  the  top  of  the  electro- magnet,  B.     I'^rom  the  lever 

ZMj  depends  an  arm  carrying  the  spring,  S.     This  spring  engages 

"in  the  star  wheel  below,  which  is  the  last  of  the  train  of  clock- 

"^Tork,  the  first  wheel  of  which  gears  in  tlie  rajlc  on  the  side  of 

-*he  positive  cnrbon  holder,  D.     The  derived  current  to  the  elec- 

"•ro  magnet}  B,  is  taken  hy  a  connection  from  the  positive  pole  to 

"»he  insulated  spring,  N,  whence  it  posses,  wlien  the  arc  is  of 

wornial  length,  through  the  lever  L  and  its  trunnions,  V,  to  the 

'^x>W&,  which  are  coupled  at  their  other  extremity  to  one  of  the 

^3i^tiTe  rods  at  P.     The  upper  carbon  holder,  D,  is  tubular, 

awfj  is  guided  by  a  socket  in  the  bottom  plate  of  the  case. 

Tiie  action  of  the  lamp  is  aa  follows:  E?o  long  as  the  principal 
'<arrent  maintains  a  certain  strength,  that  is  to  say,  as  long  as 
the  arc  is  not  of  too  great  a  lengtli,  the  spring,  S,  holds  the  star 
wheel  and  prevents  tlio  positive  Ciirbon  from  descending  b^'  its 
own  gravity;  but  as  soon  as  the  arc  lengthens,  and  the  resistance 
is  increased,  the  electro- magnet,  B,  comes  into  action,  and  at- 
tractfl  the  armature,  I,  the  movement  of  which  draws  down  the 
lever,  L.  on  which  it  is  mounted,  and  lifts  the  spring,  S,  clear  of 
the  star  wheel,  thus  releasing  the  clock  work,  and  allowing  the 
positive  carbon  holder  to  fall  by  its  own  weight,  and  thus  to 
H  bring  the  carbons  closer  together.  At  the  same  time,  the  con- 
tact between  the  spring,  N,  and  the  stud,  M,  is  broken  by  the 
tipping  of  the  lever,  L,  and  the  cuiTcnt  ceases  to  pass  through 
tlie  magnet,  B.  The  armature,  I.  drawn  up  by  the  spring.  U, 
r^ins  its  horizontal  position,  and  the  regulator  resumes  its  ac- 
tion ;  but  if  the  arc  be  not  of  the  norma!  length,  tho  same  move- 
ment recommences.  It  will  be  seen,  at  the  moment  when  the 
upper  carbon  descends,  the  electromagnet,  A  A,  becomes  ac- 
tive and  attracts  its  armature,  C,  which  causes  the  lower  carbon 
to  descend  also,  the  electro-magnet,  B,  becoming,  of  course,  in- 
active; This  stopping  of  the  positive  and  lowering  of  ihe  neg- 
ative carbon  establishes  the  distance  necessary  to  produce  the 
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arc.  Five  of  tliese  lamps,  fed  by  the  Gramme  generator  for  fire 
lights,  and  each  giving  nearly  1,500  candles,  were  muintained 
with  an  expenditure  of  six  horse  power. 

THE   DE   PUYDT    ARC   LAHP. 

Fig.  239  represents  the  Be  Puydt  lamp,  the  arc  of  which  is 
regulated  by  a  derived  current^  the  function  of  which  is  to  main- 
tain constant  the  difference  of  potential  at  the  two  carbon  hold- 
ers. The  latter  form  racks  at  their  upper  part  and  are  in  gear 
with  two  pinions  ijxed  upon  the  same  arbor.  These  pinions  aro 
arranged  for  keeping  a  Axed  luminous  point,  in  contrast  to  the 
action  of  most  lamps  where  the  arc  descends  according  to  the 
consumption  of  the  lower  carbon.  Upon  this  arbor  is  also  fixed 
the  iirst  of  a  scries  of  gi'or  wheels,  A,  put  in  motion  by  the 
weight  of  tlie  upper  carbon  holder.  The  last  wheel  of  tliis  ob- 
lique escapement  hears  projections  which  are  engaged  or  diseo^^ 
gaged  at  the  proper  time  by  a  stop  a,  fixed  to  the  armature  a^| 
the  fine  wire  electro- magnet,  Q,  which  is  traversed  by  the  derived 
current  Another  electro- magnet,  P,  is  actuated  by  the  current 
of  the  arc  and  in  attracting  its  armature,  P*,  makes  the  whole 
clockwork  movement  oAcillate  around  the  lower  arbor,  upon 
which  are  fixed  the  pinions  working  the  racks.  There  are  in 
this  apparatus  two  distinct  actions:  First,  the  attraction  of  the 
thick  wire  eleciro-magnet,  P,  which  produces  at  the  outset  the 
aoparation  of  the  carbons  by  making  the  clockwork  movement 
describe  a  certain  angle,  which  communicates  motion  to  tlie  tWQ 
pinions  which  govern  the  carbon -holders ;  second,  the  attractic 
of  the  6ne  wire  electro-magnet,  Q,  which  kee\y&  this  distaoc 
fixed  by  disengaging  the  gear  wheels  directly  the  diJicrence  > 
potential  has  exceeded  the  proper  limit  An  important  detail 
to  bo  observed  is  that  the  armature,  Q,  as  well  as  the  stop  are 
■upporteil  by  the  arbor  of  the  origin  of  motion,  so  tbot  in  turU' 
ing  slowly  on  disengagement,  this  arbor  immediately  returns  tl 
■top  to  the  position  of  engagement  In  this  way  the  €«rb 
niily  imvcl  an  imperceptible  distanoe  at  a  time  and  at  very  ihor 
iiitcrvuU. 
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A  screw  serves  to  regulate  thetlistance  at  lighting,  and  another 
screw,  which  atretchas  more  or  less  the  counterspring  of  Ihtt-a 
armature,  Q^  serves  to  keep  this  arc  at  the  desired  length. 

In  the  first  case,  the  cover  of  the  regulator  being  raise  1,  rais 
the  upper  carbon- holder;  then,  while  it  descends  with  its  rod,^ 
the  height  of  the  screw  is  regulated,  forming  a  stop  at  an  angle 
from  the  armature,  Q>,  so  that  there  exists  between  the  internal 
surface  of  the  electro- magnet,  P,  and  of  the  end  of  the  armature, 
P',  a  distance  of  half  an  inch  for  the  Gramme  5-lighl  machine, 
and  of  three  quarters  of  an  inch  for  that  of  the  workshop  type. 

In  the  second  case,  the  distance  of  the  carbons  is  regulated 
during  the  working  of  the  lamp.  This  distance  ought  to  be  for 
the  two  machiDes  mentioned  one  tenth  and  one  sixth  of  an  inch 
respectively. 

At  the  time  of  regulating,  when  the  distance  i<  too  great,  tln^^ 
nut  on  the  screw,  to  which  is  attached  the  spring  of  the  anna^| 
ture,  QS  is  loosened,  in  order  to  slightly  relieve  the  latter :  on 
the  uontrary,  if  the  distance  is  too  small,  this  spring  is  tightene 
until  the  steadiness  of  the  arc  be  obtained. 


THE   GBRAitD   AKC   LAMP. 

Fig.  240  represents  tlie  Gerard  lamp,  in  which  the  regulator  is 
placed  above  the  carbon,  and  is  worked  by  alternating  currents. 
It  consists  of  a  hollow  electro- magnet  allowing  a  free  passage  for 
the  upper  carbon.  The  electro-magnet  is  made  of  fine  wire  and 
is  mounted  in  a  shunt  on  the  terminals  of  the  lamp.  An  articu- 
lated brake,  with  a  screw,  keeps  tlie  upper  carbon  in  position ; 
the  pressure  of  the  brake  against  the  carbon  being  regulated  by 
a  spring.  The  upper  part  of  the  brake  carries  tin  armature,  and 
when  this  armature  is  attached,  the  brake  frees  the  carbon  and_ 
allows  it  to  descend.  ^| 

The  lower  carbon  is  supported  by  a  movable  vertical  frame 
carrying  an  armature  at  its  upper  end,  and  this  armature  is  placed 
at  the  lower  extremity  of  the  electro- magnet  The  movable  frame 
is  balanced  by  two  spiral  springs,  which  are  seen  on  the  righl 
and  left  of  the  electro-magnet     When  they  are  at  re«i  the  ca 
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bona  are  not  in  contact  The  apparatus  is  worked  in  this  ^^•ay : 
Wlicn  ilie  current  jjosses  iutotlii3lam|),tliocarbunaaro  separated, 
and  llifi  current,  therefore,  can  only  puss  thniugli  the  fine  wire. 
The  elt'ntrii-mngnct,  consequently,  bcconics  stnmgly  charged, 
and  attracts  both  the  nppcr  and  lower  armatures.  Tlie  upper 
armature,  acting  on  the  brake,  frees  tho  upper  carbon  and  allows 


ftg.  240. 

it  to  descend.  The  lower  armature  raises  the  frame  and  the 
lower  carbon.  Afl  soon  aa  the  two  carbons  are  in  contact,  the 
arc  is  formed,  and  the  current  which  pa£ses  into  the  shunt  ia 
sensibly  weakened.  The  lower  armature  is  released,  and  causes 
the  lower  carbon  to  descend,  and  thus  produces  the  requisite 
•Ustance  between  the  two  carbons.     At  the  some  time  the  lower 
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annflturo  of  tlie  trabe  is  partly  released,  and  Ite  screw  pr 
against  the  upper  carbon  and  prevents  it  from  descending. 

If  the  spring  is  properly  adjusted,  a  balance  is  established ; 
but  in  proportion  as  the  carbona  are  consumed,  the  arc  will  be 
lengthened,  an-i  the  strength  of  the  current  in  the  electro- magnet 
will  increase.  The  brake  is  now  gradually  looseneil,  the  alter- 
nating current  will  produce  an  oscillation  of  the  armature,  and 
til e  Tipper  carbon  slides  down  imperceptibly  and  continuously 
to  maintain  the  requisite  distance. 

THE    BRUSH   AKC   LAMP. 

The  electric  lumps  designed  by  Mr.  Brush  are  among  the  sim- 
plest in  construction  of  all  arc  regulators,  involving  no  clockwork 
or  complicated  feeding  mechanism,  or  anything  that  is  liable  to 
become  derai.ged.  They  can  be  constructed  to  bum  continuously 
for  eight,  sixteen  or  twenty-four  hours,  and  the  mere  hanging  of 
a  lamp  in  iU  place  puts  it  into  the  circuit  of  the  other  lamps  of 
the  series ;  while  the  extinction  of  one  or  more  lamps,  or  their 
removal  all<3gether,  does  not  affect  the  others.  The  great  sim- 
plicity of  tlie  Brash  lamp  con.si.sL"*  in  the  fact  that  the  feed  is 
actuated  by  gravity  alone,  while  it  is  controlled  solely  by  the 
influence  upon  a  bar  of  iron  of  a  magnetic  field,  the  intensity  of 
which  varies  with  the  strength  of  the  electric  current  passing 
through  the  lamp  circuit  Tlie  general  external  apj^eamnce  of 
six  forms  of  Brush  regulators  is  shown  in  figs.  241  to  246, 
the  first  representing  the  single  carbon  or  eight-hour  lamp;  the 
second  the  double  carbon,  or  siiteenhour  lamp ;  the  third  is 
a  double  carbon  lamp  with  a  post  socket ;  the  fourth 
is  a  sl^'otch  of  a  more  ornate  form  of  the  ilouble  cirboa 
lamp,  the  controlling  apparatus  being  enclosed  in  a  nickel 
plated  case;  the  fifth  is  a  street  lamp;  and  the  sixth  is  an 
insulated  lamp  in  which  the  light  is  enclosed  in  a  glass  globe, 
with  a  close  fitting  bottom  plate,  a  spark  arrester  above,  and 
the  carbon  rod  and  regulating  apparatus  likewise  enclosed 
in  metallic  cju<!cs,  all  of  which,  as  well  as  the  outer  frames 
are  insulated  from  the  circuit     Fig.  247  shows  how  the  lamps 
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vesrnmged  upon  maata  for  illuminatirg  Inrgo  areas.  In.  all 
Ihese  lamps,  vhich.  are  designed  for  general  illumination,  tlio 
lower  carbons  are  fixed,  nmX  as  they  bum  away  the  upper  car- 
ing follow  thera^  eo  the  arc  grailually  descends, 

I.iko  most  of  the  modern  electric  lamps  the  upper  carbon 
^'escends  by  ibi  own  weight  until  it  touched  the  lower  carbon, 


L 
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^^^d  tha  circuit  is  thereby  completed;  the  effect  of  this  is  to 

r-^use  a  soft  iron  plunger  to  bo  drawn  to  a  more  or  less  extent 
^Uhin  a  hollow  coil,  and  through  the  intervention  of  a  lever 
^nd  a  most  ingenious  annular  clutch  surrounding  the  rod  of  the 
■upper  carbon  like  a  washer,  the  upper  carbon  is  lifted  from  the 
lower  and  the  arc  is  established.    As  the  carbons  burn  away  the 
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tweeti  tlie  terminals  nf  Om  lamp,  ihe  cnnnectrims  iH'ing  inutle  in 
such  a  way  that  Iho  electric  current  slmll  jmss  through  it  in  a 
direction  opposito  to  thai  in  the  primary  or  thick  wire  circuit, 
forming  a  sliunt  circuit  of  higli  resistance  through  the  lamp, 
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which  being  always  closed  is  independent  of  the  arc.  As  the 
carrent  flows  in  opposite  directions  around  the  magnet,  the  in- 
fluence of  the  fine  wire  circuit  neutralizes  orweakens  the  attrac- 
tive influence  of  the  thicker  helix,  but  the  number  of  the  con- 
volutions of  the  two  coils,  as  well  us  their  respective  resistances, 
«re  so  proportioned  to  one  another  that  the  attractive  influence 
of  the  primary  helix  (when  the  arc  is  of  its  nonuiil  length), 
tnercomes  the  inllueQco  of  the  secondary  circuit  Owing  to  the 
greater  resistance  of  the  latter,  not  more  tlian  one  per  cent  of 
the  main  oorrent  is  transmitted  by  the  fine  wire  lielix,  but  its 
mignetto  influence  is  rendered  considerable  by  its  greater  num- 
ber of  convolationa. 

As  the  electric  current  has  two  routes  from  one  terminal  of 
the  lamp  to  the  other,  the  one  through  the  arc  and  the  other  in- 
dependent of  it,  it  follows  that  should  tlie  arc  become  too  long, 
its  reststAnce  will  increase,  and  a  lai^er  proportion  of  the  current 
will  be  shunted  through  the  line  wire  heltx,  while  the  strength 
of  ihat  in  the  thicker  helix  will  diminish,  the  rcsultjint  inagnetio 
indaenccon  the  plunger  will  be  nxlucctl,  and  the  upper  carbon 
will  be  brought  closer  to  the  lower;  on  the  other  baud,  if  the 
arc  becomes  sliorter  than  its  normal  length  its  resistance  is  re- 
duced, more  current  flows  through  the  primary  helix,  and  less 
through  the  secondary,  and  the  carbons  are  drawn  further  apart 

Figure  248  is  a  diagrammatic  sketch  showing  the  course  of  the 
primary  circuit,  and  illustrating  the  general  principle  by  which 
the  arc  is  controlled ;  it  also  shows  the  short  circuiting  contriv- 
ance by  which  any  accident  to  one  lamp  or  irregularity  of  work- 
ing cuts  it  out  of  the  general  circuit,  and  doesso  without  exercising 
any  influence  upon  the  other  lamps  in  the  series.  In  tiiis  dia- 
gram X  and  Y  represent  the  two  terminals  of  the  lamp,  which 
in  most  cases  consist  of  hooks,  which  by  being  drop[)ed  over 
vins  attached  to  the  ceiling— and  which  arc  in  connection  with 
the  line  circuit — place  the  lamp  in  circuit  with  the  machine.  The 
current  entering  at  X  is  transmitted  through  the  two  hollow 
bobbins  U  II*  in  parallel  circuit,  the  outcoming  ends  being 
juiocd  leather  ami  connected  lo  the  upper  carbon-holder,  N, 
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and  if  tho  carbons  arc  in  contact  lliu  current  flows  through  themt 
and  hy  the  vertical  rods  of  the  lamp  to  tho  terminal  book,  Y. 
The  effect  of  this  ia  to  convert  the  solenoids,  II  and  H'  into 
magncbi,  which,  by  dmwing  into  themselves  the  two  iron  plun- 
gers, K  and  S,  lifta  one  edge  of  the  waahcr  clutch,  W,  which,  by 
its  oblirjuo  action,  seizes  the  carbon  rod  (much  in  the  same  way 
as  a  tenl-ro])e  tightener  grasps  its  cord)  and  lifts  the  upjwr  car- 
bon until  its  influence  is  balanced  by  that  of  tho  fine  wire  helix» 
which,  it  must  be  remembered,  surrounds  the  thicker  coiL 

The  short-circuiting  apparatus  shown  to  tho  left  of  the  carbons 
(figure  248),  consists  of  an  electro-magnet,  T,  wound  with  a  thick 


J^s.  248. 


and  fine  wire  coil  similar  to  those  of  the  regulating  solenoids, 
but  both  wound  in  the  same  dirccticiu  When  tlie  thick  wire 
circuit  of  this  magnet  is  complete,  it  forms  a  shunt  of  low  resist- 
ance between  the  terminals,  and,  therefore,  Bhort-drcuils  tlie 
lamp,  transmitting  the  current  to  the  main  circuit  Now,  the 
fine  wire  wound  upon  this  magnet  is  in  circuit  with  tho  flue  wire 
of  the  i^ulating  solenoids;  it  follows,  therefore,  that  if  through 
a  failure  of  the  arc,  or  through  its  becoming  abnormally  long,  or 
through  any  considerable  increase  in  ils  resistance,  a  larger  pro- 
portion of  current  be  diverted  tlu'ough  the  fine  wire  circuit,  the 
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attractive  force  of  the  eleotro-magnet,  T,  would  be  increased,  and 
ita  armature,  A,  which  is  attached  to  the  pivoted  lever,  B,  would 
bo  attracted^  the  contact  pieces,  M  and  M*,  would  thereby  be 
brought  together,  and  the  terminals  would  be  short-circuited 
through  the  thick  coil,  M,  and  the  resistance  spring,  R.  By 
thua  short-circuiting  the  terminals  through  a  route  altogether  in- 
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Fig.  349i 


dependent  of  either  the  fine  or  ihe  thick  wire  Bolenoids,  their 
magnetic  action  ccascB,  and  either  the  upper  carbon  is  dropped, 
or,  if  it  is  burnt  out,  or  from  any  other  cauao,  the  arc  is  not 
establiahed,  the  contact  pieces,  MaudM',  are  held  iirmly  to- 
gotlicr  by  the  attractiou  of  the  magnet,  T,  and  the  current  flows 
past  the  faulty  lamp  to  the  othera  iu  the  series,  ita  extinction 


THE  ELECXaiO   UOHT. 

calling  attention  to  it     Figure  249  ghows  the  details  of  this 
automatic  shunt,  as  constructed  iu  a  two  carlM)ii  lainp. 

Ill  installations  in  winch  it  is  desired  frequently  lo  vary  theligbta 
burning  on  one  circuit,  and  it  is  inconvenienttoalti^r  the  speed  of 
the  machine,  the  automatic  regulator  shown  in  tig.  250  ia  em- 
ployed. By  this  apparatus  the  amount  of  current  generated  by 
the  inacliine  is  automatically  controlled  to  suit  the  number  of 
lami)s  in  action  at  nny  one  time  This  apparatus  dejwn^ls  for 
its  action  upon  the  fact  that  tho  resistance  of  a  series  of  carbon 
plates  varies  with  the  degree  of  pressure  to  which  they  are  sub- 
jected. In  tiie  arrangement  shown  in  llie  Iigure,  four  sets  of 
carbon  plates,  A,  A,  A,  A,  are  attached  to  the  two  terminal 
screws,  G,  G  ^,  connected  with  the  generator,  mj  that  the  regulat- 
ing uppanitus  forms  Ji  shunt  circuit  across  the  electro- mag  net 
From  this  it  is  evident  that  if  a  higli  resistance  l)e  placed  iu  the 
shunt,  the  greater  portion  bf  the  current  genenited  in  the  ma- 
chine will  be  transmitted  to  the  coils  of  the  electro* magnets,  and 
the  strength  of  the  magnetic  field  will  he  proportionately  in- 
creased ;  while,  on  the  other  hand,  if  the  shunt  be  of  low  resist- 
ance, a  greater  portion  of  the  current  will  be  diverted  by  it  fwm 
the  magnet  circuit,  and  tho  strength  of  the  magnetic  field  will 
be  reduced. 

The  columns  of  carbon  plates,  A,  A,  A,  A,  constitute  the 
variable  resistance,  the  pressure  u|>on  them  being  controlled  by 
the  lever  E,  actuated  by  the  solenoids  C,  C*,  included  in  tlie 
main  circuit  of  the  machine.  Thus,  if  any  of  the  larajw  in  that 
circuit  be  extinguished,  a  large  amount  of  current  passing 
tlirough  the  solenoids  causes  the  two  iron  plungers  to  be  drawn 
into  them,  the  lever  E  is  thereby  lifted  by  the  connecting  rod 
J),  and  tho  carlwu  plates  are  pressed  closer  together,  thus  i^uc- 
ing  the  resistance  of  the  shunt,  and  causing  a  greater  amount  of 
current  to  be  diverted  from  the  magnet  coils.  Tho  magnetic 
field  being  thereby  reduced,  the  machine  absorbs  less  motive 
power,  and  when  the  lamps  arc  turned  on  again  the  operation  ia 
reversed,  and  thus  the  power  required  to  drive  the  generator  is 
proportioned  to  the  work  it  is  required  to  da 


carbon  are  consumed.  When,  however,  the  lamps  are  required 
to  burn  for  a  longer  period,  double  carbon  lamps  arc  employed, 
fitted  with  two  |>airs  of  carbon  holders,  as  shown  in  fig.  2-42,  and 
each  is  controlled  in  the  same  way  as  in  the  single  carbon  lam|), 
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but  tho  controlling  apparatus  is  not  <luplicat<?d.  Wben  tit- 
lamp  is  put  into  action,  the  ai-c  is  formed  between  one  of  tbe 
pairs  of  carbons^  and  when  tliey  have  burnt  out,  tlie  other  |>air 
automuticallj  starts  into  action,  and  continue.s  to  bum  until  it  i» 
in  turn  consumed ;  in  this  way  the  time  of  burning  is  doubled^ 
and  in  order  to  extend  the  period  of  burning,  it  is  only  neceeaary 
to  employ  a  lamp  with  a  third  pair  of  carU^ns^  whvu  it  will  bo 
capable  of  illuminating  for  twenty*four  hours,  each  additional 
pair  of  cyu"bons  extending  the  period  of  burning  for  another 
eight  hours 

The  change  from  one  pair  of  carbons  to  anotber  pair  is 
efiected  by  purely  mechanical  means,  and  by  a  contrivance  the 


fig.  191. 

ingctimtv  of  which  is  only  measurable  by  tta  extreme  simplicity; 
Thia  littit"  apj^ratus  will  be  understood  by  reference  to  the  ex- 
pUutatorv  diagram,  figs.  251  and  252,  which  also  more  clearlj 
illufttrate  the  acison  of  the  washer-clutch  than  the  pn-meding 
f^aJNk  0  C  is  the  hollow  sulcnotd  which  exercises  a  magnetaa 
influeiioo  xty^M  ihe  »oft  iron  plunger,  P.  The  rising  or  falling 
\^|  thit*  pluug«t  raises  or  lowers  tlie  little  frame,  K  (shown  in 
l^^^v  -■  —  '  S*ihe  intwrentionof  tlie  lever,  I*.  R*  and  R*  are 
l^v ,  .  which  |t:iss  vertically  through  lite  casing  of  th« 

UuikkmhI  W*aiul  Ware  the  clutch-washers  which  surround 
;  ^  0  »td«  of  e^oh  of  these  washers  pisseij  between  a  pair 
uiit^  f*ii  of  the  little*  frumc.  El,  and  when  tho  tatter 
^  ^|mw»  tt|»wUi  its  «aUoo  is  first  to  tilt  the  washers,  and  theu 
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to  cause  them  to  clutch  the  rod  on  diagonally  opposite  corners. 
-Bj  the  very  simple  device  of  making  one  pair  of  jawa  a  little 
Kigber  than  tlie  other,  it  takes  its  grip  before  the  other  begins  to 
act,  and  conftequently  lifts  its  eorresponding  carbon  higher  than 
its  neighbor ;  the  consequence  is,  that  only  one  arc  ia  established, 
vnz.,  across  the  lesser  distance,  and  in  all  subsequent  feeding  and 
controlling,  the  jxiir  of  carbons  first  started  nre  alone  afTected, 
l>«canse,  althougli  both  carbons  are  raised  and  lowered  together, 
&lie  lower  end  of  the  reserve  carbon  is  always  higher  than  the 


I 


rtff.  253. 

other  by  the  difference  in  the  height  of  the  two  pairs  of  jaws  on 
the  frame,  K.  A  time  arrives,  however,  when,  owing  to  tlie 
shortening  of  the  consuming  carliona,  they  can  no  longer  meet 
when  the  frame  is  droppetl,  and  the  current  by  which  they  are 
again  separated  can  only  be  transmitted  by  the  reserve  carbons 
coming  into  contact,  the  circuit  is  thereby  completed,  the  new 
carbons  are  separated,  and  the  arc  between  them  continues  to 
be  controlled  by  the  magnet  and  clutch  in  the  same  way  as  the 
first  arc  was. 


L 
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THE   WRIGUT  ARC  LAMP. 

In  order  to  increase  their  duration  circular  carbons  have  been 
used.  The  first  electric  lajnp  waa  made  by  Wright  on  tliis  prin- 
ciple. The  arc  wn-s  formed  between  carbon  disks,  bevelled  oa 
their  circumference,  and  set  in  motion  hy  mechanism. 

THK  LAMOLT  ARC   LAMP. 

LamoH's  lamp  is  based  upon  Wright's  idea,  and   consii^ts 
two  carbon  disks  supported  by  two  curved  and  jointed  levei^ 
set  in  motion  by  a  double  system  of  pulleys  driven  by  clock- 
work mechanism.     A  spiral  spring  connecting  the  two  curved 
lever.s,  presses  the  two  carbon  diaka  against  each  other,  and  these, 
are  separated  at  very  short  intervals  by  the  action  of  an  eccentiia 
put  in  motion  by  clockwork.     The  result  is  a  series  of  spark 
succeeding  each  other  rapidly  enough  to  impress  the  sight  as 
continuous  light 

THE  HAUBISOK  ABC  LAMP. 

In  the  Harrison  lamp  one  of  the  carbons  was  replaced  by  a 
carbon  cylinder,  movable  on  its  axis,  so  as  to  make  the  consump- 
tion slower.     The  upper  carl>on  was  moved  by  an  electro- mag-^^ 
net,  which  determined  the  formation  of  the  arc  and  kept  i^| 
constant     Ducretet  improved  this  lamp  by  arranging  it  so  as  to 
give  HimuItAueously  with  the  arc  powerful  incandescent  ciTcota, 


THE  ANDREWS  ABC  LAMP, 


The  Andrews  lamp  consists  of  two  thin  plates  of  carbon,  ai 
eighth  of  an  inch  apart,  having  between  them  a  plate  of  plum- 
bago insulated  by  four  little  triangles  of  slate  inserted  between 
the  plates.  Tlie  arc  Ja  formed  oa  the  extreme  edge  of  the  plates 
across  the  plumbago. 
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THE  FYFE  AfiC  XiAMP. 

The  Fyfo  regulator  belongs  to  the  diSerential  type ;  an  ortUi 
nary  clock  train  coutrollcd  by  a  shunt  circuit  solenoid  being 
employed  to  move  the  carbona. 
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THB  BUS8£7  ARC   LAMP. 
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The  Ilussey  regulator  is  of  the  Pilsen  type;  its  notion  being 
l>^k£ed  upon  the  differential  action  of  two  solenoids. 


THE    BOUTKILLOUX  AND    LAINO  ARO   LAHP. 

Jn  this  lamp  the  are  is  maintained  by  the  weight  of  one  elec- 
'■"o<Je  pressing  upon  a  non-conducting  core  inserted  in  tlic  centre 
**^    lV»e  other,  and  which  is  a-adually  dissipated  during  the  cod- 
***Ti  ption  of  the  carbons. 


THE  BARO  ASO  LAMP. 

^^«ro's  apparatus  is  composed  simply  of  two  metalHc  tubes 
^*«*<2«d  vertically  one  beside  the  other,  and  in  these  slide  freely 
'^^'*>  sticks  of  carbon,  which  rest  on  a  block  of  magnesia.  These 
^-■^^>^ts  are  separated  by  aji  insulating  substance,  but  a  screw  reg- 
^*"*^*-t:«8  the  distance  between  the  carbons  at  the  end  in  contact 
^'^  *-'*'Vfc  the  magnesia,  so  that  the  arc  may  he  produced  at  this  point 
**^      <:^<>ntact  under  the  desired  conditions 


THE  JL^RGEXSEN  AUG   LAMP. 

^^n  the  JUrgensen  lamp  iho  movements  of  the  carbons  are  reg- 
'*-*^^ted  by  the  differential  action  of  two  solenoids — one  tending 


t-lie  withdrawal  and  the  other  to  the  approach  of  the  carlxjiis — 
^^^  holders  of  which  arc  arranged  as  in  Scrrin's  lamp,  shown  in 
^^Xire  217,  page  369. 


THE   CROMPTON  ARC  LAUF. 

iTie  Crompton  regulator  is  a  modification  of  the  Serrin.    Sim- 
ple devices  have  been  introduced  in  place  of  those  of  a  complex 
^Jiaracter  with  a  view  to  greater  efficiency  in  working  and  greater 
^Oonomy  in  construction.     The  action  of  the  Crompton  lamp 
^oea  not  differ  in  any  irajwrtaut  particular  from  that  of  the 
Serrin. 
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THE   LEVER   ARC    LAMP. 


The  Lever  regulator  consifttsof  an  electroiiiaguet  wound  with 
fine  wire,  whose  iirniatiire  lever  is  fttUichetl  Uy  a  mcta!  collar  i 
circling  the  upjter  carbon  holder.  The  current  from  the  positil 
p4^>le  of  the  generator  goes  to  the  upper  carbon  holder ;  iher 
through  the  arc  and  lower  carbon  holder  to  the  n^jative  pole  • 
ihc  generator.  The  ends  of  the  el ectro' magnet  coils  arc  con^ 
nocted  with  the  tipper  and  lower  carbon  holders,  thus  placir 
thcin  in  derivation  from  the  arc.  Che  action  of  the  lamp  is  i 
follows:  The  carbons  being  Bei>arated,  the  only  path  for  the  cu 
r<^ni  is  through  the  electro  magnet,  which,  becoming  chai; 
attraote  the  armature  and  loosens  the  collar  attached  to  the  upj: 
carbon  holder,  which  slides  through  its  bearings  by  gravity 
The  contact  of  the  carbons,  however,  allows  tlie  current  to  pass 
Uirough  them,  and  as  the  resistance  is  much  leas  than  through 
the  line  wire  coils  of  the  electro -magnet,  nearly  all  the  current 
gix'S  through  the  carbons.  This  causes  the  electro- magnet  to 
lo«e  its  power  and  release  the  armature  lever,  which  is  pulled  up 
by  its  retructilc  spring,  and  with  it  the  carbon  rod,  thus  forming 
the  ara  As  the  carbons  are  burne*!  the  distance  becomes 
greater,  which  increases  the  resistance  of  titis  route,  and  causes 
more  current  to  pass  through  the  electro-magnet,  which,  becom- 
ing stronger,  again  attracts  the  armature  and  lowers  the  carbon 
rod.  In  practice  it  is  raid  that  there  is  scarcely  any  perceptible 
motion  to  the  lever  when  the  arc  is  burning,  as  the  electro-riiag- 
nel  and  the  spring,  acting  on  the  lever  in  opposite  directions  to 
each  other,  make  a  i)erfcct  balance,  resulting  in  a  steady  light 


THE   ABVASiS.  AUC   LAMF. 

In  the  Abdank  lamp  the  lower  carbon  is  fixed.  Tho  upper 
carbon  is  movable  in  a  vertical  line,  and,  like  Uic  Gemrd  lamps, 
«huwn  in  figure  240,  page  399,  ia  situated  below  tlie  regulatij 
apparatus.  The  upper  carbon  holder  \h  attachc<l  to  a  brass  ] 
whioh  moves  within  the  tubular  core  of  an  upright  cleetnyn 
not     Tho  armature  of  the  magnet  has  a  soft  iron  projection  i 
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one  end,  iirhich  brings  it  much  nearer  the  pole  of  the  magnet 
than  tlie  other  end,  and  this  end  being  attracted  first,  causes  the 
amiuture  to  assume  an  inclined  position,  which  is  assisted  by  a 
brass  button  on  the  opposite  end  from  tlie  projecting  armature, 
which  also  prevents  any  adhesion  between  the  armature  and  the 
core  of  the  electro-magnet  The  brass  rod  passes  through  a  slot 
in  the  armature,  which,  when  the  latter  is  incline<l  by  the  pas- 
^SBge  of  a  current  through  the  coils,  acts  as  a  clutch,  and  the  car- 
bon rod  is  lifteil 

The  electro- magnet  is  attached  to  a  rack,  which  falla  by  its 
own  weight  combined  with  that  of  the  magnet  and  car1x>n  Tixed 
Lto  it     Tlie  length  of  the  rack  is  equal  to  the  length  of  the  two 
rcarbons.     The  fall  of  the  rack  is  controlled  by  a  friction  brake, 
which  acts  upon  the  last  of  a  train  of  three  wheels  put  in  motioD 
by  tho  above  mentioned  weight,  and  the  action  of  the  bmke  is 
controlled  by  an  electro-magnet  whose  resistance  is  1,200  uhmR. 
The  regulator,  which  is  placed  at  a  distance  from  the  lamp, 
loonsists  of  a  differential  balance  and  cutitfT.     The   former  is 
reomposed   of  two  solenoids  with  adjustable  resistances.     The 
main  circuit  coil  is  wound  with  tlxick  wire,  having  practically  no 
^lesisiance ;  the  shunt  circuit  coil  is  wound  with  fme  wire,  having  a 
■  resistance  of  600  ohms.     In  the  axis  of  these  two  coils  a  small 
iron  rod,  -^  of  au  inch  in  diameter  and  24  inches  ia  length, 
lovcs  in  a  vertical  line  l>etween  two  guides;  when  magnetized 
Ht  has  one  pole  in  the  middle  and  the  opposite  at  each  end.    The 
upward  movement  of  the  rod  is  limited  by  a  spring  resting  upon 
a  contact  point,  which  is  broken  when  the  rod  strikes  the  spring. 
The  current  from  the   positive  pole  of  the  generator  passes 
through  the  coarse  wire  coil  to  the  lamp  and  returns  to  the  nega- 
ii\*c  pole  of  the  generator.     Tlie  shunt  circuit  commences  at  the 
sitive  pole  of  the  generator  and  passes  through  the  fine  wire 
3il  to  tlie  contact  screw  on  the  coarse  wire  coil,  whence  it  has 
two  paths — the  one  offering  no  resistance  through  the  spring 
resting  on  the  contact  screw  which  is  connected  to  the  nq^ative 
earlKHi ;  the  other,  through  the  electro-magnet  of  1,200  ohms 
resistance  controlling  the  friction  brake,  and  thence  to  the  nega- 
tive carbon. 


The  action  of  the  apparatus  is  as  follows :  The  carbon  points 
eing  separated,  Ihe  main  circuit  is  upen ;  tbe  current  tborefore 
passes;  through  tlie  derived  circuit  via  the  screw  point  and  spring 
to  the  fine  wire  magnet  controlling  the  friction  brake,  thereby 
releasing  the  train  of  wheels  and  allowing  the  upper  carbon  to 
drop  until  it  comes  in  contact  with  the  lower  ciirlKjn.  When 
this  occurs,  the  current  jmisscs  through  the  main  circuity  magnet' 
izing  the  coarse  wire  coil  and  attracting  the  small  rod,  whidi  in 
rising  breaks  contact  with  the  spring  and  opens  the  circuit  of 
the  1.200  ohm  magnet  controlling  the  brake;  and  at  the  same 
time  energizes  the  solenoid  surrounding  the  npper  carbon  rod, 
the  armature  of  which  immediately  clutches  the  rod  and  lifta 
the  carbon,  thus  establishing  the  arc.  When  llie  carbons  be- 
come too  far  separated  by  burning,  onongh  current  will  posa 
through  the  shunt  to  again  release  the  upper  carbon,  and  ihtia 
the  two  car])ons  are  constantly  maintained  at  tbe  proper  point  of 
separation  by  these  reacting  force& 


TEB  UOtZRA.  AKD   CEBRIAN   ABC  UIHP. 


^f    This  lamp  was  invented  for  distributing  tbe  li^t  in  several 
f     directions  by  optical  means,  and  consists  of  a  regulator,  with  the 
'      luminous  point  inclosed  iu  a  polyhedric  frame,  with  faces  pro- 
vided with  Fresncl's  lenses.     The  two  carbona  are  8upporte<l  by 
two  systems  of  regulating  carbon  holders  entering  within  the 
frame,  and  directed  toward  ita  centre     The  carbon  holders  aro 
fitted  to  the  two  ends  of  a  tube  filled  with  a  liquid,  in  which 
they  form  pistons.     At  one  part  of  this  tube  there  is  a  kind  of 
bellows,  the  movable  part  of  which  is  provided  with  a  plato  of 
iron,  which  serves  as  the  armature  of  an  electro- magnet  placed 
HBd  the  arc  circuit     The  attraction  of  this  armature  1)cing  pn>> 
™portional  to  the  strength  of  the  light  current,  exorcises  a  gnyjt»-T 
or  less  pressure,  which  causes  the  carbons  to  advance  proportion- 
ally to  their  consumption,  and  therefore  maintains  them  in  the 
centre  of  the  frame.     This  pressure  may,  however,  be  regulated 
by  means  of  an  antagonistic  screw.     "Wlion  tbe  current  is  inler- 
pUxl  or  weakened,  the  spring  acts  so  as  to  bring  the  carbons 
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nearer  together;  when,  on  the  contrary,  it  increases,  the  inverse 
ellect  w  produced  and  the  carbons  are  separated. 

On  eacii  face  of  the  polyhedron,  formed  hy  tlio  reflecting  frame, 
ahui  tubes  which  may  be  jilaced  iu  the  streets,  along  buildings,  or 
even  under  the  floora,  in  order  to  distribute  the  light  in  a  house. 
For  that  purpose  it  would  suffice  to  fix  a  stout  branch  pipe  with 
a  properly  inclined  mirror  at  each  change  of  direction. 

TUB  GIBOUABD  ARC  LAMP. 

Girouard's  lamp  is  a  clockwork  regulator  somewhat  resem- 
bling that  of  Foucault,  but  acting  under  the  power  of  a  relay 

;ulator,  is  capable  of  being  controlled  from  a  distance.  The 
^system  consists  of  an  electro-magnet  with  thick  wire,  through 
which  the  current  of  the  generator  passes,  arid  which  acts  on  a 
double  contact,  and  a  lamp  with  a  double  clockwork  motion, 
controlled  by  two  fine  wire  electroirutgnets.  The  current  of  the 
generator,  after  tmversing  the  electro-magnet  of  the  relay  r^u- 
lator,  passes  directly  through  the  carbons  of  the  lamp,  their  dis- 
tance apart  being  regulated  by  an  independent  system  which 
works  by  the  influence  of  the  two  contacts  of  the  relay  regula- 
tor. When  the  current  has  its  full  strength,  the  mechanism  con- 
trolling the  separation  of  the  carbons  is  set  in  motion,  and  when 
the  current  is  weakened,  the  second  clockwork  mechanism  is 
liberated,  and  this  brings  the  carbons  nearer  toRcther.  In  order 
to  obtain  this  double  action  in  opposite  directions,  Gironard  used 
a  spring  barrel  with  a  double  movement 


THK    BKRJOT  ARC   LAMP. 

The  Berjot  lamp  employs  two  electromagnets,  one  of  which 
is  wound  with  coarse  wire  and  is  placed  in  the  main  circuit  with 
the  carbon ;  and  the  other  is  wound  with  Hue  wire,  and  is  placed 
in  a  derived  circuit  The  mechanism  of  the  lamp  is  inclosed  in 
a  casing  and  the  clockwork  is  supported  by  a  frame,  at  the  top 
and  bottom  of  which  are  four  flat  springs,  suitably  regulated, 
and  subject  to  the  action,  under  varying  conditions,  of  the  two 
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electro- magneU.  One  of  those  electro-magueta  tends  to  niae 
the  frame,  the  other  to  move  tlie  mechamsia  The  frame  con- 
taining the  clockwork  carries  the  weiglit  of  the  upper  carbon 
holder,  which  is  connected  to  a  long  rack  gearing  with  the  first 
wheel  of  the  clockwork.  A  counter  weight,  acting  in  oonjtinc- 
tion  with  the  upper  carbon  holder,  tends  to  pull  down  the  frame 
oontuining  the  clockwork,  which  is  resisted  and  held  iti  a  fixed 
poflilion  by  the  coarse  wire  electro-magtiet  Tlje  carh(jn  holder 
would  iklways  tend  to  fall  if  it  were  not  held  up  by  tljo  clock- 
work,  of  winch  the  last  wheel  is  controlled  by  a  brake.  As  this 
brake  may  be  raised  or  lowered  by  the  action  of  the  fine  wire 
electro-magnet,  the  rack  of  the  upper  carKjn  holder  is  free  to 
move  when  this  magnet  is  in  action,  the  approach  of  the  two 
oarboDS  resulting  frum  this  action,  which  takes  place  when  the 
arc  is  sufficiently  weakened  to  give  to  the  fine  wire  eleclro-raag- 
aet  »in  excess  of  [K)wer  over  the  other.  The  approai^h  of  the 
carbons  is  moreover  effected  conjointly  with  the  locking  of  the 
OMe  oontoining  the  clockwork,  but  when  the  carbons  are  »o  near 
together  ns  to  restore  the  strength  of  the  current  at  the  arc,  ttie 
ooaree  wire  magnet  raises  the  apparatus  so  thnl  the  fine  wire 
magnet  releases  the  brake  and  prevents  the  clockwork  from 
moving  until  the  urc  again  becomes  weakened. 


THK   STANUARU   LAXP   FOR    PKBNCH    UGUTHOUSEa 

Ktguro  253  represents  the  lamp  which  haa  recently  been 
ttdopunl  for  tlio  French  electric  lighthouses.  It  ib  a  coTnlnna- 
lion  of  tlie  Serrin  and  the  Berjni  IaiJi|)3,  comprising  the  two 
t»lwtro-»uigiH!ls  of  the  Berjot  lamp,  the  armatures  of  which  form 
an  tiituniMl  core,  otio  magnet  having  c^mrse  wire  and  placed  in 
\hn  itiftin  circuit,  the  other  fine  wire  and  placed  in  a  derived  cir- 
nuli.  'Plio  former  acts  on  the  articulated  fnmie  ean-yiug  the 
towt^r  oitrbon :  the  other  acts  on  the  brake  whicli  controls  the 
iO»H'k  tiulu  8  ia  the  cmi-se  wire  electro-magnet  a  'n-"-  -h 
\\\^^  IcvtM  t^  on  tho  articutatod  frame  or  cage,  the  ;  \i 

Mul  H'  tondio^  always  lo  Lift  the  cage.     Tha  tension  of  theM 
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THE   LETER  ARC  LAMP. 


The  Xiever  regulator  consists  of  an  electromagnet  wound  wiUi 
fine  wire,  whose  armature  lever  is  attached  to  a  raetal  collar  en- 
circling the  upper  carbon  holder.  The  carrent  from  the  positive 
pole  of  the  generator  goes  to  the  upper  carbon  holder;  thence 
through  the  arc  and  lower  carbon  holder  to  the  negative  pole  of 
the  generator.  The  ends  of  the  electro-magnet  coils  &re  con- 
ncoleJ  with  the  upper  and  lower  carbon  holders,  thus  placing 
them  in  derivation  from  the  arc.  Vhe  action  of  the  lamp  is  as 
follows :  The  carbons  being  separated,  the  only  path  for  the  cur- 
rent is  through  tlie  electromagnet,  which,  becoming  charged, 
attracts  the  armature  and  loosens  the  collar  attaclied  to  the  upper 
carbon  holder,  which  slides  through  its  bearings  by  gnivity. 
The  contact  of  the  carbons,  however,  allows  the  current  to  pass 
through  tliem,  and  as  the  resistance  is  much  less  than  through 
the  iino  wire  coils  of  the  electro  magnet,  nearly  all  the  current 
goes  through  the  carbons.  This  causes  the  electro- magnet  to 
lose  its  power  and  release  the  armature  lever,  which  is  pulled  up 
by  its  retractile  spring,  and  with  it  the  carbon  rod,  thus  forming 
the  arc  As  the  carbons  are  burned  the  distance  becomes 
greater,  which  increases  the  resistance  of  this  route,  and  causes 
more  current  to  pass  through  the  electro-magnet,  which,  beeom- 
ing  stronger,  again  attracts  the  armature  and  lowers  the  carbon 
rod.  In  practice  it  is  said  that  there  is  scarcely  any  perceptible 
motion  to  the  lever  when  the  arc  is  burning,  as  the  electromag- 
net and  the  spring,  acting  on  the  lever  in  opposite  directions  to 
each  other,  make  a  perfect  balance,  resulting  in  a  steady  light 


THE  ABDANK  ARC   LAMP. 


In  the  Abdank  lamp  the  lower  carbon  is  fixed.  The  upper 
carbon  is  movable  in  a  vertical  line,  and,  like  the  Gerard  lamps, 
shown  in  figure  21U,  page  899,  is  situated  below  the  regulating 
apparatus.  The  upper  carbon  holder  is  attache<l  to  a  brass  rod, 
which  moves  withiu  the  tubular  core  of  an  upright  electro-mag- 
net    The  annature  of  the  magnet  has  a  ?oft  iron  projection  on 


I 


THE  ABDAJiK   ABC  LAMP. 


415 


one  end,  which  hrings  it  much  nearer  the  pole  of  the  magnet 
than  the  other  end,  and  this  end  being  attracted  first,  causes  the 
armature  to  assume  an  inclined  position,  which  is  assisted  by  a 
brass  button  on  the  opposite  end  from  the  projecting  armature^ 
which  also  prevents  any  adhesion  between  the  armature  and  the 
core  of  the  electro* magnet  The  brass  rod  jjossea  through  a  slot 
in  the  annature,  which,  when  the  latter  is  inclined  by  the  [mis- 
aage  of  a  current  tiirough  the  coils,  acts  as  a  clutch,  and  the  car- 
bon rod  is  lifted. 

The  electro- magnet  is  attached  to  a  rack,  which  falls  by  its 
own  weight  combined  with  that  of  the  magnet  and  carbon  fixed 
to  it  Tiie  length  of  the  rack  is  equal  lo  the  length  of  the  two 
carbona  The  fall  of  the  rack  is  controlled  by  a  friction  brake, 
which  actfi  upon  the  hsi  of  a  train  of  three  wheels  put  in  motion 
hy  the  above  mentioned  weight,  and  the  action  of  the  brake  is 
oontrolleil  by  un  electro-magnet  whose  resistance  is  1,200  ohms. 

The  regulator,  which  is  placed  at  a  distance  from  the  lamp, 
cousisla  of  a  differential  balance  and  cutofL  The  former  is 
comi>oRod  of  two  solenoids  with  adjustable  resistances.  The 
main  circuit  coil  is  wound  with  thick  wire,  having  practically  no 
resistance;  theshunt  circuit  coil  is  wound  with  fine  wire,  having  a 
resistance  of  600  ohms.  In  the  axis  of  these  two  coils  a  small 
iron  rod,  -^  of  an  iocb  in  diameter  and  2.^  inclics  in  length, 
moves  in  a  vertical  line  between  two  guides:  when  magnetized 
it  has  one  pole  in  the  middle  and  the  opposite  at  each  end.  The 
upward  movement  of  the  rod  is  limited  by  a  spring  resting  u|x>n 
a  contact  point,  whidi  is  broken  when  the  rod  strikes  the  spring. 
The  current  from  the  positive  jiole  of  the  generator  passes 
through  the  coarse  wire  coil  to  the  lamp  and  returns  to  the  nega- 
tive pole  of  the  generator.  The  shunt  circuit  commences  atthe 
positive  pole  of  the  generator  and  passes  through  the  fine  wire 
coil  to  the  contact  screw  on  the  coarse  wire  coil,  whence  it  has 
two  paths— the  one  offering  no  resistance  through  the  spring 
resting  on  tho  contact  screw  which  is  connected  to  the  negative 
carbon  ;  the  other,  through  the  electro- magnet  of  1,200  ohms 
resistance  controlling  the  friction  brake,  and  thence  to  the  nega- 
tive carbon. 


THE  F.LECTBIC   LIGHT. 


The  action  of  the  apparatus  is  as  follows :  The  carbon  points 
being  separated,  the  main  circuit  is  open  ;  the  carrent  therefore 
passes  through  the  derived  circuit  via  the  screw  point  and  spring 
to  the  fine  wire  magnet  controlling  the  friction  brake,  thereby 
releasing  the  train  of  wheels  and  allowing  the  up[ier  carbon  to 
drop  until  it  comes  in  contact  with  the  lower  carbon.  When 
this  occurs,  the  current  passes  through  the  main  circuit,  magnet- 
izing the  coarse  wire  coil  and  attracting  the  small  rod,  whiti  in 
rising  breaks  contact  with  the  spring  and  opens  tbe  circuit  of 
the  1,200  ohm  magnet  controlling  the  brake;  and  at  the  same 
time  energizes  the  solenoid  surrounding  the  up|>er  carbon  rod, 
the  annature  of  which  immediately  cluttihea  the  nxl  ami  UftB 
the  carbon,  thus  establishing  the  arc.  When  the  carbons  be- 
come too  far  separated  by  burning,  enough  current  will  }mub 
through  the  shunt  to  again  release  the  upper  carbon,  and  thuB 
the  two  carbons  are  constantly  maintained  at  the  proper  point  of 
separation  by  these  reacting  forces. 

THE   MOLERA   AND    CEBRIAN   ABC   LAHF.  ™ 

This  lamp  was  invented  for  distributing  the  light  in  several  _ 
directions  by  optical  means,  and  consists  of  a  regulator,  with  thof^ 
luminous  point  inclosed  in  a  j>olyliedric  frame,  with  faces  pn>- 
Tided  with  Fresnel's  lenses.  The  two  carbons  are  supported  by 
two  systems  of  regulating  carbon  holders  entering  within  the 
frame,  and  directed  toward  its  centre.  The  carbon  holders  are 
fitted  to  the  two  ends  of  a  tube  tilled  with  a  liquid,  in  which 
they  form  pistons.  At  one  part  of  this  tube  there  is  a  kind  of 
bellows,  the  movable  part  of  which  is  provided  with  a  plate  of 
iron,  which  serves  as  the  armature  of  an  electro- magnet  placed 
in  tlie  arc  circuit.  The  attraction  of  this  armature  being  pro- 
portional to  the  strength  of  the  light  current,  exercises  a  great 
or  less  pressure,  which  causes  the  carbons  to  advance  proportion- 
ally to  their  consumption,  and  therefore  maintains  them  in  the 
centre  of  the  frama  This  pressure  may,  however,  be  regulat 
bv  means  of  an  antagonistic  screw.  When  the  current  is  inter- 
rupted or  weakened,  the  spring  acts  so  as  to  bring  the  carbons 
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nearer  together ;  when,  oq  tlie  contrary,  it  increases,  the  inverse 
eflfcct  is  jtroducctl  and  the  carbons  are  separuled. 

On  each  face  of  the  polyhedron,  formed  by  the  reHccUng  frame, 
abut  lubea  wbich  may  be  jilaced  in  the  streets,  along  buildings,  or 
even  under  the  floors,  in  order  to  distribute  the  light  in  a  house. 
For  that  purpose  it  would  suffice  to  fix  a  stout  branch  pipe  with 
a  properly  iudined  mirror  at  each  change  of  directioa 

THE  OIKOUABO  ARO  LAMP. 

Girouard's  lamp  is  a  clockwork  regulator  somewhat  resem- 
bling that  of  Foucault,  but  acting  under  the  power  of  a  relay 
r^ulator,  is  capable  of  being  controlled  from  a  distance.  The 
syatem  consists  of  an  electro-mugnet  with  thick  wire,  through 
which  the  current  of  the  generator  passes,  and  which  acta  on  a 
double  contact,  and  a  lamp  with  a  double  clockwork  motion, 
controlled  by  two  fine  wire  electromagnets.  The  current  of  the 
generator,  after  traversing  tlie  electro -magnet  of  the  relay  regu- 
lator, passes  directly  through  the  carbons  of  the  lamp,  their  dis- 
Umce  apart  being  regulated  by  an  independent  system  which 
works  by  the  influence  of  the  two  contacts  of  the  relay  regula- 
tor. When  the  current  has  its  full  strength,  the  mechanism  con- 
trolling the  separation  of  the  carbons  is  set  in  motion,  and  when 
the  current  is  weakened,  the  second  clockwork  mechanism  is 
liberated,  and  this  brings  the  carbons  nearer  together.  In  order 
to  obtain  this  double  action  in  opposite  directions,  Girouard  used 
a  spring  barrel  with  a  double  movement 


THR   BERJOT   ARC  LAUF. 

The  Berjot  lamp  employs  two  electro- magnets,  one  of  which 
is  wound  with  coarse  wire  and  is  placed  in  the  main  circuit  with 
the  carbon ;  and  the  other  is  wound  with  ^iic  wire,  and  is  placed 
iaa  denved  circuit  The  mechanism  of  the  lamp  is  inclosed  in 
a  casing  and  the  oliwkwork  is  supportwl  by  a  frame,  at  the  top 
and  bottom  of  which  are  four  flat  springH,  suitably  regulated, 
and  subject  to  the  action,  under  varying  conditions,  of  the  two 
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elcctroiaagDOts.  One  of  thcic  electromagnets  tends  to 
the  frame,  the  other  to  move  tlie  mechanism.  The  frame 
taiiiing  the  clockwork  carries  the  weight  of  the  upper  carbon 
holder,  which  is  eoiinecled  to  a  long  rack  gearing  with  the  first 
•wheel  of  the  clockwork.  A  counter  weight,  acting  in  conjuuc-^ 
tion  with  the  upper  carbon  holder,  tends  to  pull  down  the  fram^f 
containing  the  clockwork,  which  is  resisted  and  held  in  a  fixed 
position  by  the  coarse  wire  electro-magnet  The  carlion  holder 
would  always  tend  to  fall  if  it  were  not  held  up  by  the  clock- 
work, of  which  the  last  wheel  is  controlled  by  a  bral«.  As  this 
brake  may  be  raised  or  lowered  by  the  action  of  the  fine  wire 
electro- magnet,  the  rack  of  the  upper  carlwn  holder  is  free  to 
move  when  this  magnet  is  in  action,  the  approach  of  the  two 
carbons  resulting  from  this  action,  which  takes  place  when  the 
arc  is  sufficiently  weakened  to  give  to  the  fine  wire  electro-mag- 
net an  excess  of  power  over  the  other.  The  approach  of  the 
carbons  is  moreover  effected  conjointly  with  the  locking  of  the 
case  containing  the  clockwork,  but  when  the  carbons  are  .so  near 
together  as  to  restore  the  strength  of  the  current  at  the  arc,  the 
coarse  wire  magnet  raises  the  apparatus  so  that  the  fine  wire 
magnet  releases  the  brake  and  prevents  the  clockwork  from 
moving  until  the  arc  again  becomes  weakened. 

THK  STANDARD  LAMP  FUK  FHKXCU  LIODTHOUSEa 

Figure  253   repreicuts   the   lamp  which   has  recently 
adopted  for  the  French  electric  lighthouses.     It  is  a  oombi 
tiou  of  the  Serrin  and  the  Berjot  lamps,  comprising  the  two 
eleotromagiieta of  the  Bcijot lamp,  the  armaUires of  wliich  fori 
an  intertuil  core,  one  inagiicl  having  coarse  wire  and  plauetl 
the  main  circuit,  the  other  fine  wire  and  placed  in  a  derived  ci 
cuit     The  former  acts  on  the  articulated  frame   carrying  the 
lower  cai'bon ;  the  other  acts  on  the  brake  which  controls  the 
clock  train.     S  is  the  C(;arse  wire  electro-magnet  acting  through 
the  lever  Q  on  the  articulated  frame  or  cage,  the  two  springs  H 
and  R'  tending  always  to  lift  the  caga     The  tension  of  th( 
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Springs  is  regulated  by  the  beut  lever  L  hung  to  tlie  frame  * 
the  lamp,  and  the  position  of  which  can  be  altered  bj  the  screw 
y,  which  can  be  turned  by  a  key  passing  through  a  bole  in  the 
casing.  The  fine  wire  coil  is  not  shown  in  the  drawing,  but  it 
occupies  a  position  corresponding  to  that  of  the  electro -magnet 
S  on  the  other  side  of  the  clock  train.  The  connection  between 
the  two  carbon  holders  and  the  first  spindle  of  the  train  is 
effected  by  means  of  a  steel  ribbon,  F,  attached  to  the  lower 
ends  of  the  two  rods  g  and  Z,  the  lower  and  upper  carlwn  rods 
respectively.  This  ribbon  is  led  over  several  pulleys  and  passes 
round  the  greater  part  of  the  circumference  of  a  wheel  on  the 
first  axis  of  the  clock  train,  so  that  there  should  be  no  slip 
between  the  ribbon  and  the  pulley.  The  rod  g  slides  in  the 
tube  D  fixed  to  the  articulated  frame,  and  this  tube  luia  a  verti- 
cal slot  formed  in  it  to  allow  the  ribbon  to  be  attached.  This 
mode  of  connecting  the  two  rods  supporting  the  carbons,  which 
replaces  the  chain  of  the  Serrin  regulator,  allows  the  carbons  to 
be  ftet  at  their  right  height  by  a  slight  slipping  of  the  ribbon. 
Another  peculiarity  in  the  lamp  is  the  mode  of  connection 
adopted  for  the  internal  mechanism.  The  current  from  the 
large  cable  conductor  is  led  to  the  upper  carbon  from  the  rails 
and  the  non-insulated  part  of  the  lampt  From  the  lower  carbon 
it  returns  to  the  two  insulated  terminals  H  and  H',  passing 
partly  through  the  articulated  cage  and  partly  through  the  elec- 
tro-magnet S.  The  connections  between  the  pieces  to  which  the 
current  arrives  are  made  with  four  spirals  of  thick  copper  wire, 
nickel  plated;  they  are  shown  at  M  and  N,  placed  above  and 
beiow  the  coarse  wire  magnet  S.  The  tube  Dcarryiiig  the  rod^  is 
not  insulated  from  the  articulated  cage,  but  the  latter  is  insulated 
from  the  rectangular  bar  by  which  it  is  can'ied.  This  arrangement 
is  convenient  in  construction,  because  it  is  more  easy  to  insulate  a 
rectangular  bar  than  a  round  piece  like  the  tnbe  D.  An  air- 
pump,  T,  serves  to  deaden  the  motion  of  the  cage,  and  prevents 
any  violent  oscillation.  The  ingenious  details  of  the  porous 
plate  V  must  be  noticed.  When  lai^e  carbons  like  those  neces- 
sary for  lighthouses  are  employed,   the  turning  piece  o,  thatj 
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«rves  to  regulate  the  height  of  the  arc,  becomes  hcAted  as  well 

as  die  rods  /'  aiui  t  and  the  different  paits  exposed,  ofteti  causing 

tbera  to  bind.     To  avoid  these  inconveniences,  a  porous  clay 

shield,  v,  is  introduced  as  shown.     When   the  upper  carbon 

holder  has  reached  the  end  of  its  travel,  it  acts  laterally  on  a 

Sfliall  inclined  hmI  wliich  draws  back  a  spring  and  cuta  off  the 

**onDection  with  the  6ne  wire  electro- magnet,  so  that  it  cannot 

**e  injured  by  the  passage  of  too  atroug  a  current. 
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THE  GULCHEn  ABC  LAMP. 

The  Giilcher  lamp,   which   is   very   highly   appreciated   in 

•^Virope,  is  shown  in  perspective  in  tig.  254.     It  contains  no 

*^i^Dcfc-work,  and  the  regulation  of  the  carbons  is  effected  by  a 

*:nglo  electro-magnet     The  two  carbon  holders  arc  connected 

3^"  means  of  n  cord  passing  over  a  pulley  K;  the  upper  one, 

^oae  rod  T  T'  is  of  iron,  is  heavier  than  tlie  lower,  and  tends 

descend  at  the  same  time  that  it  raises  the  latter.     K  is  an 

'^-^'^sctro-raagnet  which  is  free  to  move  up  and  down  upon  its 

mnions.     The  poles  of  the  electro-magnet  are  cun'ed,  form- 

45  part£  of  a  cuvle,  the  centre  of  which  ia  on  the  axis  of  the 

"wnnioa     The  jwle  on  the  right  extends  downward  and  ter- 

inates  in  a  projection,  beueatli  which  is  a  small  iron  block  at* 

-ched  to  the  case  of  the  lamp.     The  rod  of  the  upper  carbon 

ilder  moves  before  one  pole  of  the  electro-magnet,  while  a 

ia!l  iron  block  is  pressed  against  the  other  by  a  spring  whose 

snsion  is  regulated  by  a  lever.     Passing  through  the  top  of  the 

sing  is  the  screw  V,  which  terminatea  in  a  spindle,  against  the 

*'^^awer  end  of  which  the  electro- mag  net  rests  when  no  current  is 

V^assing.     This  position  of  the  magnet  is  secured  by  means  of 

"^Vie  spring  which  is  connected  to  the  angle  lever  pivoted  to  the 

'^■tisulated  bearing  M.    The  upper  end  of  the  spring  bears  against 

t-Vie  screw  B,  and  the  position  of  the  spring  and  its  pressure 

sigain.st  the  trunnion  is  regulated  by  means  of  the  screw  r,  which 

ia  insulated  from  the  angle  lever.   The  current  from  the  positive 

pole  of  the  generator  is  conducted  to  the  bearings  M,  which  are 

insulated,  ptutses  thence  to  the  trunnion  and  coil  to  the  core  of 
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tie  electro. magnet,  wbenco  it  flows,  partly  tlirough  the  spring 
which  J8  in  contact  witL  the  end  of  tho  magnet,  and  also  in  me- 
tallic connection  witli  the  case  of  the  regulat^ir,  and  partly  to  the 
fod  T  1",  in  contact  -with  the  otber  end  of  the  niaguet     Finally 
tho  two  currents  nnitc,  ar<I,  passing  tlirough  T  T',  flow  through 
tije  carbons,  the  lower  carbon  holder,  and  thence  to  the  negative 
pole  of  the  generator. 

The  of>eration  of  the  regulator  is  as  follows:    As  soon  as  it 

^>*^  been  connected  with  the  generator,  the  electromagnet  E  at- 

t'^tots  tie  rod  T  T'  of  the  Upper  carbon  holder,  and  at  tlie  same 

tirno  the  projection  of  the  other  polo  of  the  magnet  is  attracted 

^^    the  fixed  piece  of  iron  at  the  bottom  of  the  casing,  tliereby 

^^vijting  tho  electro- magnet  to  turn  on  tho  trunnions.     By  this 

nioyement  the  carbon  holder  T  T'  is  necessarily  lifted,  because 

^^    *he  contact  with  tho  curved  face  of  the  pole  piece,  the  motion 

"^^i  ag  far  steadier  and  moi-e  uniform  than  could  be  imparted  by 

*  *"*»ck  and  pinion ;  the  two  carlmns  arc  thus  separated  and  the 

"'"^^Itaio  ai*c  produced.     As  tbe  carbons  burn  away,  and  the  dia- 

**-*>.oe  between  them  becomes  greater,  the  resistance  increase*, 

^'^^lI  consequently  the  power  of  the  electro-magnet  diminishes, 

"^ ^  projection  of  the  polo  piece  becomes  further  removed  from 

"^  ^  piece  of  iron  under  it,  the  carbon  points  a[>proach  each  other, 

>-^  tho  magnet  continues  to  turn  on  its  trunnions  until  it  is  ar- 

Kted  by  the  slop  V,  tlie  position  of  which  has  been  carefully 

^^  justed.     Aa  soon  as  this  condition  has  been  established  the 

^'^.^kgnet  has  no  further  movement,  the  carbons  continue  to  bum 

'*'*~viil  they  are  at  tluit  distance  apart  corresponding  to  the  great- 

^^t  inteueity  of  light.     As  soon,  however,  as  further  consnmp- 

^on  increases  the  distance,  tho  attractive  power  of  the  magnet 

^^^oomes  too  praall  to  enable  its  pole  to  hoM  the  bar  T  T',  and 

^^e  bar  begins  to  slide  down,  until  the  carbons  are  brought 

Nearer  together,  and  the  power  of  the  magnet  is  increased  so  that 

^t  again  holds  the  bar  T  T'  and  prevents  it  slipping  further.     If 

the  bar  continual  to  fall,  the  power  of  the  magnet  would  in- 

CKase  until  the  pole  piece  would  bo  drawn  down  to  the  piece  of 

iron  beneath,  and  the  preliminary  process  above  described  would 
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be  repeateil.  la  practice,  liowever,  it  is  found  that  after  th« 
lamp  has  been  startefl  the  nmgnet  remains  stationary,  the  con 
sumption  oi  the  carbons  and  tho  weight  of  the  rod  T  T' beiiij 
sufiicient  through  tho  intermittent  action  of  tho  magnet  tosecnr 
the  automatic  working  of  the  lamp.  The  face  of  the  left  pol 
and  the  rod  T  T'  arc  covered  -with  tluu  bi-aas  to  prevent  adhfl 
sion,  as  are  also  the  ot)ier  p^^Ie  and  tho  small  iron  block  roatit 
against  it  This  block  serves  as  a  brake  upon  the  action  of 
magnet  when  tlie  lamp  is  started,  and  secures  a  soft  and 
movement.  The  rod  T  T'  is  constantly  pressed  uguiust  the  ] 
net  by  a  spring  attached  to  the  frame  0. 
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The  popular  and  ingenious  electric  lamps  designed  by  M^ 
James  J.  WfX)d,  and   manufactured  by  the   Fuller   Electric 
Company,  belong  to  the  differential  solenoid  type,  so  gouenUlj 
employed  in  the  construction  of  t)ic  modem  electric  rc;gulaii 
Fig.  255  is  a  general  view  of  the  Wood  standard  are  lamp 

The  framework  of  the  lamj)  is  insulated  and  water  tight  Tfc 
binding  posts  a  a,  are  so  situated  that  the  circuit  wires  enter 
the  top  of  the  lamp,  so  that  if  the  connections  beci^me  looeo 
from  any  cause,  they  will  always  tend  to  mtdcc  contact,  as 
weight  of  the  wires  will  keep  them  in  ixxsition.  These  biudiiij 
posts  also  serve  as  bolts  to  hold  the  insulated  roof  plate  iu  prii 
tion.  The  hand  switch,  h,  is  similar  to  the  key  of  a  gas  bume 
and  can  be  operated  from  below  in  a  similar  mnouer  to  turn  th 
light  on  or  oft  Tiie  ornzunental  cup,  c,  at  the  bottom  of 
lamp,  is  so  arranged  that  the  carbon  dust,  which  accumalatcs  i 
the  carbons  arc  consumed,  falls  into  it  It  is  held  in  jfiiiiitoi 
by  a  bayonet  joint  to  facditate  ita  removal  for  cleaning.  Tl 
positive  carbon  liolder  is  fitted  with  a  univensal  adjustment^  </, 
for  bringing  tlio  carbon  points  in  line. 

Fig.  2fid  is  a  perapectivo  view  of  tlie  interior  of  the  lamp, 
fig.  257  is  a  diagram  illustrating  the  din^ction  taken  by  thti  cu 
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rent  iu  passing  through  the  lamp  to  produce  the  light,  and  also 
the  action  uf  the  automatic  cut-out,  operated  by  an  abnormal 
attraction  of  the  magnets  in  case  the  lamp  fails  to  feed.  The 
current  enters  at  tlie  upper  left-hand  comer,  marked  a,  following 
the  direction  of  arrows  to  the  feed-rod  tf,  to  the  jxjsitive  carbon, 
through  the  arc,  thence  through  the  negative  carbon,  and  back 


Fly.  S&«. 

through  the  heavy  connection  around  the  magnets//  thence  to 
the  right  of  the  figure  and  out  to  the  next  lamp.  The  action  is 
as  follows :  The  carbons  being  in  oontact,  the  current  will  flow- 
in  the  direction  shown  by  the  arrows,  through  the  carbon  rod  e, 
through  the  carbons,  thence  through  the  magnets  //  and  thus 
attracting  the  armature  i',  which  through  the  agency  of  the  lever 
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y,  as  sliuwn  in  fig.  256,  vrill  produce  a  separation  of  the  ciirbona 
The  mugnets  h  h,  iu  the  shunt  circuit  around  the  arc,  have  a. 
very  high  resistance,  so  that  when  the  carbons  are  together, 
practically  no  current  flows  through  h  h;  but  the  instant  the 
carbons  are  separated,  the  current  divides  inversely  as  the  resist* 
nnce  of  the  arc  and  shunt  circuit,  thus  causing  a  greater  propor- 
tionate flow  of  the  current  througb  the  fine  wire  coils  h  h,  which 

+  1 
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proportion  will  increase  aa  tb©  carbons  are  consumed,  until  the 
are  becomt>s  of  normal  length.  When  tliis  occurs,  the  attractive 
forco  of  both  magnets  is  balanced.  If  the  arc  increases  in 
lenglli,  the  attractive  force  of  the  magnets  A  A  will  preponderate, 
attracting  tlie  armature  t  in  that  direction,  and  causing  the  cor- 
bona  to  feed.  In  case  of  a  failure  of  the  carbons  to  feed  from 
any  caoae,  the  magnets,  h  h,  will  continue  to  increase  in  strength 
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until  the  pin  i  comes  in  contact  with  the  lever  /,  tripping  ilie^ 
cu^out  lever  m,  dosing  the  contacts  %  and  autonaatically  cat^f 
ting  the  light  out  of  circuit  In  caHc  it  is  desired  to  switch  the 
lamp  out  of  circuit  by  hand,  the  switcli  b  is  moved  so  as  toclot>e 
contact  witli  the  knob  o,  which  sets  the  cut-out  so  as  to  be  again 
operated  by  the  magnets,  when  the  lamp  is  again  put  in  circuit 
These  movements  are  so  arranged  that  no  contact  is  broken 
until  another  has  first  been  formed,  thus  avoiding  all  sparksaud 
consequent  injury. 

The  object  of  the  adjusting  spring,  z,  is  to  govern  the  len^ 
of  the  arc,  which  is  easily  regulated  by  turniug  the  screw,  z'. 

The  iiermaneiit  balancing  spring  shown  at  the  right  of  the 
adjusting  spring,  in  fi^  256,  259  and  262,  is  used  to  prescr\'e 
the  adjustment  so  as  to  continue  the  lamp  in  operation  even 
when  the  spring,  «,  is  improperly  used,  as  sometimes  occurs 
from  ignorance  or  carelessness. 

'J'he  comb  spring,  z",  is  employed  to  insure  a  positive  contact 
with  the  feed  rod,  thus  maintaining  the  path  of  the  current 
without  depending  upon  the  feeding  mechanism  therefor.  At 
X  will  be  seen  a  small  train  of  clockwork,  the  object  of  which  is 
to  retard  the  downward  movement  of  the  rod,  c,  thus  securing  a 
steady  ligliL 

Fig.  2oB  is  an  exterior  view  of  Wood's  automatic  duplex 
lamp,  designed  for  all  night  illumination.  The  burning  capacity 
of  this  lamp  is  fi-om  14  to  16  hours  without  replacing  the  car- 
bons. The  general  construction  of  the  frame  us  to  insulation, 
convenience  and  appearance  is  the  same  as  that  described  in  fig. 
255.  The  priiioipal  difference  consists  in  the  fact  that  this  lamp 
is  designed  to  feed  two  carbons  consecutively  instead  of  one. 

Fig.  269  is  a  perspective  view  of  the  interior  construction  of 
this  lamp,  and  fig.  260  is  n  sectional  and  plan  view,  showing 
the  main  features  of  the  feed  mechanism,  cut  off  switch  and 
methed  of  in.sulation.  The  action  of  this  lamp  is  as  follows : 
The  feed  rod,  tf,  is  th«  roti  which  first  comes  into  action,  the  rod 
e*,  being  held  in  position  by  the  latch  lever,  p.  As  the  carbon 
is  consumed  in  the  rod,  e,  it  feeds  forward   until   near   the 
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end  of  its  course  wbon  the  pin,  9,  comes  in  contact  with  the  \ev^ 
p^  and  trips  the  rod  c'.  Tlie  instant  that  this  occurs,  the  rod,  "^ 
having  reached  the  bottom  of  its  travel,  leaves  a  space  between  -^ 
the  cjjrbons  equal  to  the  length  of  the  arc  After  the  rod,  e,  e^-^ 
tripped,  it  will  feed  forward  until  the  carbons  on  this  side  o^^ 
the  lamp  come  in  contact ;  the  current  will  then  pass  througt:^ 


t^.  169. 

this  set  of  carbons,  which  offer  the  least  resistance,  breaking 
the  arc  and  extinguishing  the  light  in  the  former  set 

A  peculiar  feature  of  this  lamp  is,  that  while  both  feed  rods 
are  connected  positively  together  with  a  single  movement — the 
lamp  having  but  a  single  set  of  magnets — there  is  no  instant  in 
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certain  amount  of  motion  around  the  axis  of  the  spindle,  whic 
motion  is  aliout  equal  to  that  produced  by  the  separation  of  th 
carbona 

If  we  consider  the  roil,  c,  to  be  feeding  its  carbon  forward,  an^ 
the  rod/  to  be  latched,  as  shown  in  tig.  260,  it  will  readily  be 
seen  that  the  pinion  r  l^ecoines  the  driver,  and  will  revolve  the 
disk  i,  taking  uptho  play  as  shown  in  the  section  i',  transmitting 
a  rotary  motion  to  the  spindle  «,  whicli  in  turn  will  cause  llie 
disk  f  to  revolve,  taking  up  the  play  in  the  opjx)site  direction, 
as  represented  in  the  section  v'.  Now,  as  will  be  readily  seen, 
ihe  pinion,  r,  at  the  right  hand  of  the  figure,  being  the  driver,  the 
disk  if  at  the  left  hand  of  the  figure  will  be  driven  around  the 
ratchet  wlieel  and  pinion  r',  causing  the  pawls  w,  u/,  to  slip,  as 
the  junion,  r,  is  geared  directly  to  the  feetl  rod  e',  which  rod  being^u 
latched  in  its  upright  position  prevents  the  pinion  from  revolv^B 
ing  without  disengaging  it  for  an  instant  from  the  milin  train  st, 
shown  in  fig.  2y9.  The  advantage  of  this  will  be  apprecial 
if  we  consider  that  if  one  pinion  were  disengaged  while  the  oib« 
was  operating,  there  might  be  a  time  when  it  would  l>e  difficult" 
to  reverse  the  connections  without  causing  the  teeth  to  strike  on 
the  tops  of  each  other,  or  allowing  the  rod  to  fall  too  far.  WTiea 
the  ro<l  e'  is  tripped  so  as  to  set  it  in  motion,  the  action  is  re- 
versed. 

The  purpose  of  the  button,  y,  is  to  facilitate  cleaning  and  re- 
placing carbons  in  the  lamp.     By  pressing  it  downwards,  bot 
carbon  rods  arc  brought  into  simultaneous  action. 

Fig.  2G0  is  a  sectional  and  plan  view,  showing  the  action 
the  hand  switch  and  the  aatomatio  cut-out  In  the  figure,  n 
represents  a  cam  shaped  piece,  "whicii  is  in  direct  connection 
with  the  spindle  n'  and  the  key  6,  which  compose  the  hand 
switch.  The  action  of  this  is  as  follows :  The  end  of  the  spin- 
dle n'  is  seated  in  a  beari  ng  at  the  inside  of  the  nq^ali  ve  binding 
post  a'  which  is  insulated  from  the  framework  of  the  lamp,  and 
is  of  negative  polarity.  "When  this  is  in  the  position  shown  in 
the  figure,  there  is  a  space  between  this  com  and  the  cut-out 
lever  m.    This  eut-out  lever  is  in  direct  connection  with 
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positive  binding  post  a,  By  turuing  the  key  b  one  quarter,  the 
projection  of  the  catn,  n,  is  brought  iu  direct  oorincctiou  with  the 
lever  m,  switching  the  lamp  out  of  circuit,-  by  turning  tlie  key 
in  the  opposite  direction,  these  connections  will  be  brokeu  and 
the  lamp  again  switchotl  in  circuit  The  operation  of  tlie  auto- 
matic cutout  shcjwn  iu  fig.  257 — in  casoof  failure  of  the  lamp 
to  feed  from  any  cause,  or  when  the  carbon:)  are  consumed — is 
pnxluced  by  tripping  the  hitcli  /,  and  allowing  the  lever,  m,  to 
automatically  close  Contact  wiili  the  cam.  n. 

All  that  id  require^l  to  put  tliis  lamp  back  in  circuit,  after 
automatic  extinguishment^  is  to  turn  the  key,  ^,  in  the  direction 
to  switcii  the  lamp  out,  and  then  back  to  switch  it  in,  as  before 
desoribcd. 

Fig.  261  is  an  exterior  view,  and  fig.  262  a  perspective  view 
of  the  interior  cotuitructiun  of  Wooda  focussing  lamp.  Fig. 
26S  shows  the  metho«l  of  insuhition  and  feed  connections  be- 
tween the  positive  and  negative  caibou  carriers.  Fig.  264  shows 
apian  of  tlio  feed  connections^  and  Fig.  265  shows  an  enlarged 
view  of  the  feed  spindle  for  feeding  the  negative  carbon,  and  also 
the  arrangement  of  the  insulation.  This  lamp  is  constructed  so 
as  to  operate  singly,  or  in  series  with  other  standard  single  or 
duplex  lamijs.  The  improvements  in  this  lamp  are  of  an  alto- 
gether novel  description,  and  it  will  be  neces«iry,  therefore,  in 
order  to  thoroughly  apprecittto  them,  to  turn  for  a  moment  to 
a  consideration  of  tlie  defects  of  the  lamps  designed  for  the  same 
purpose,  that  have j)rcccdcd  it;  tho  mcana  employed  by  their 
constructors  to  correct  or  remedy  them  j  tho  cause  of  the  failure 
of  such  attempts,  and  a  description  of  the  means  which  have 
been  devised  by  Mr.  "Wood  to  overcome  them.  In  the  earlier 
forma  of  Iami»,  tlie  positive  carbon  carrier,  feediug  by  gravity, 
caused  a  train  of  clock-work  to  be  set  in  motion,  which  wound 
up  a  chain  insulated  and  connected  with  the  ucgiitive  carbon 
carrier  in  such  a  way  as  to  cause  the  latter  to  be  fed  for- 
ward, Tho  objc<;tion  to  this  device  wils,  tlmt  in  case  the  nega- 
tive carbon  carrier  w:i3  lifted  or  pulled  up  in  cleaning  tlie  lamp, 
through  carelessness,  the  chain  was  liable  to  quit  the  pulley, 
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come  in  contact  witli  other  portions  of  the  lamp,  short-ciiYniituQ 
k,  aud  in  toftny  instances  melting  the  chain  and  ruimug  tb 


nwchanism.  To  obviate  this  evil,  focussing  lamps  }iave  been  de- 
signed,  with  a  cord  to  replace  the  chain.  While;  this  coixl  will 
uot  HbortHdrcuit  the  lamp,  it  leads  lu  many  mishapB  nod  anaoj- 
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^^Ces,  &Sj  for  example,  it  ia  liable  to  bo  thrown  off  the  puUevs  or 
*^€aveij  which  griide  it,  by  the  careless  lifting  of  iho  carlxin  bolder, 
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or  to  be  broken  by  pressing  down  tbe  negative  carbon  bolder: 
in  wbich  case  the  strain  Dccessary  to  move  the  positive  carbon 
holder,  which  in  about  three  times  as  heavy  as  the  n^ative^  and 
has  to  travel  twice  as  far,  is  borne  by  the  cord.  As  this  strain 
is  about  six  times  greater  than  that  required  in  ita  normal  action, 
it  is  liable  to,  and  often  docs,  break.  To  remedy  this  defect, 
focussing  lainps  have  been  constructed  with  gear  counoctions, 
the  wheels  being  insulated  from  the  spindles  carrying  Ibein ;  but 
as  quite  a  number  of  these  had  to  be  insulated,  and  the  wheels 
were  necessarily  small,  it  was  found  that  tbe  insulation  vaa 
liable  to  shrink,  and  that  the  i-cquired  strength  could  not  be  at* 
taiued,  fio  the  plan  was  eventually  abandoned. 

Figs.  262  to  266  illustrate  the  method  adopted  to  rennedy  these 
defects.  As  will  he  seen  from  Figs.  263  and  26i  the  carbon  car- 
riers of  this  lamp  are  geared  together  with  jxjsitive  connections, 
the  pinions  aud  wheels  being  fastened  rigidly  to  the  spindles. 
The  insulation  is  accomplished  by  a  disk  of  bard  rubber,  form- 
ing a  coupling  of  unique  construction,  represented  in  Fig.  265. 
It  will  be  seen  fmm  this  figure  that  the  spindle,  a,  is  cut  in  the 
middle,  leaving  a  sijace  of  about  an  eighth  of  an  inch.  Each 
end  of  the  spindle  is  fitteil  with  a  cross-arm  l>  by'  which  is  screwed 
to  a  hard  rubber  disk  c,  iu  such  a  manner  that  tbe  crof<s-arms, 
b  b'  stand  at  right  angles  to  one  another  on  each  side  of  the  disk, 
c.  The  screws  pass  through  the  rubber  and  screw  into  the  arms 
bU.  This  arrangement  results  in  a  perfect  insulation,  also  leav- 
ing the  spindle  as  strong  as  if  it  were  in  one  continuous  piece; 
tho  connections  being  «uch  that  they  are  not  liable  to  be  inter- 
fered with  by  shrinkage  or  change  of  tenipcraturei 

Figs.  268  and  264  show  tlje  position  which  this  spindle  occu- 
pies in  the  lamp;  d  represents  the  negative  carl>on  carrier,  which 
is  insulated  from  the  body  of  the  lamp ;  e  represents  an  insulated 
bearing,  in  which  one  eud  of  the  spindle,  a,  revolves ;  y"  is  the 
positive  carlwn  carrier,  and  g  is  a  spindle  which  connects  it  with 
the  spindle  a\  h  K' are  two  gear  wheels  having  a  relative  pixv 
portion  of  two  to  one.  The  two  feed  rods  are  bo  connected  to- 
gether as  to  move  forward   iu   their  icspuctivo  proportions,  tbe 


f^.  266. 

Trhole  being  so  rigid  in  its  construotion  that  either  carbon  carrier 
can  be  foreed  in  citber  direction  without  in  any  way  endanger- 
ing the  operation  of  the  feed  mechanLsm,  or  injuring  the  insula- 
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tiou.  The  direction  ■which  the  current  taVes  in  passing  through 
this  lamp  ia  similar  to  tliat  described  ia  fig.  257.  Referring  to 
figs.  261  and  262,  it  will  be  seen  that  the  Kiso  of  this  lamp 
is  so  constructed  tw  to  provide  an  adjustment  for  raising  or  low- 
ering the  whole  mechanism.  In  order  to  always  maintain  the 
light  in  the  focns  of  the  reflector,  the  hody  of  the  lamp  rests 
upon   the  tube,  j\  on  which  the  knurled  nut  t  turns ;   this  uut 


Fig.  267. 

being  turned  to  the  left  to  raise,  and  to  the  right  to  lower  the 
lamp.  This  tube/ sliiles  into  a  tube  it,  and  is  held  in  position 
by  the  screw  I  which  fits  into  a  slot  in  the  tube/  The  nut  •  is 
held  in  its  position  by  a  screw  not  shown,  the  end  of  which  fits 
into  a  groove  around  the  tube  ^,  which  sets  upon  the  ornamental 
base  m. 
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Fig.  266  roprcscnts  tlio  exterior,  and  267  is  a  perspective  view 
*^^f!  the  interior  of  W<x>d'3  semiincandesceut  lamp  ;  antl  fig.  268  is  a 
*^3.3-ngram  siiowing  tbc  ilirection  takci  by  tho  current  in  passing 
^-^iiarough  the  lamp,  and  also  the  action  of  theautomaticcut  out  which 
■  ^»^  operated  by  repulsion.  This  hrnp  was  designed  hy  Mr.  Wood 
"•^-^13  be  tised  in  series  with  the  stamlurd  arc  latri]>s,  or  for  separate 
"•-^^.^e  where  a  greater  distribTition  of  light  is  desired,  and  the  vol- 
"•-»  "me  of  light  pro«:liiccd  by  the  standaixl  lamp  is  not  required.  It 
^  ^3  of  low  resistance— about  two  ohms— the  .standard  lump  hav- 
^*^  "^ng  about  four  and  a  half  ohms,  and  produces  a  considerably 
^=*iiialler  light  About  twice  as  many  of  these  lamp.'*  are  operated 
^^»-om  the  same  machine  ns  of  lam[)s  of  stamlaril  illuminating 
"i^zrfcower. 

The  operation  of  this  lamp  is  as  follows :  Ueforring   lo  fig, 
^^68,  it  will  be  seen  that  the  current  enters  at  the  upper  left  hand 
^^^omcr  at  the  wire  marked  -)-.  following  t}in  direction  of  the 
^^JTOWB  down  the  rod  a  to  the  positive  carbon,  thenco  to  the 
"^negative  carbon,  and  Uick  througli  the  magnets  bb'  which  are  'm 
"^-be  main  circuit,  and  thence  out  through  the  wire  :narkod  —  to 
tbe  generator  or  to  the  next  lamp  in  series.  The  current  divides 
i-lwrlf  between  the  reJiistance  of  the  arc  and  the  resistance  of  the 
^hunt  magnet  coils  c  c.     These  ctiils  are  wmind  in  a  direction  bo 
«i3  to  set  up  a  polarity  in  the  cores  similar  to  that  of  the  current 
flowing  through  the  magneti  bh'.     The  action  is  as  follows : 
'Hznagino  the  carbons  in  contact,  and  the  current  from  any  source 
sent  through  the  lamp  ;  after  passing  through  the  carbons  it  will 
pass  through  tlie  solenoid  coils  U/  which  are  in  the  main  circuit, 
causing  them  to  attract  the  shunt  magnet  c",  which  is  of  a  horse 
shoe  form,  and  acts  as  an  armature  for  the  main  solenoids  bb', 
Tliis  action  produces  the  separatioa     As  the  carbons  are  con- 
sumed, a  greater   p:*oportion  of  the  current  will  be  diverted 
through  the  shunt  magnet  coils  ccj  in  a  dirwjtion  tending  to 
neutralize  the  magnetic  influence  of  the  .solenoids  W/,  allowing 
the  magnet  d  lo  gravitate  downwards,  to  produce  the  feed  of  the 
carbons.     In  case  the  carbons  should  fail  to  fee<l  and  the  arc 
become  abnormally  long,  a  still  greater  jiroportion  of  current 


When  it  is  desired  tu  switch  the  light  out  by  hand,  all  that  is 
required  is  to  move  the  hand  switch _^  so  that  it  will  close  con- 
tact with  the  knob  g.  The  revorso  operation  will  again  re-es- 
tablish the  arc.    The  precise  arraogement  of  parts  ia  this  lamp 
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tbe  light  is  thrown  up  or  down,  or  retained  in  any  ]x)sitioQ  de- 
sired. It  also  swings  on  a  bolt  in  the  centre  of  the  uprights,  bo 
as  to  throw  the  light  in  any  required  direction  laterally.  This 
projector  is  arranged  with  a  camera  in  each  trunuiou,  on  which 
an  image  of  the  carbon  points  is  reflected,  so  that  when  the  light 
is  seen  directly  in  tbe  centre  of  the  object-lens  the  carbons  are  in 
focus. 

Fig.  270  represents  the  interior  construction  of  Wood's  indi- 
cator and  alarm,  designed  for  use  where  the  lights  are  operated 
from  central  stations,  so  as  to  enable  the  users  to  turn  them  on 
or  off  at  pleasure.  The  operation  of  this  apparatus  is  as  fol- 
lows :  Imagine  tbe  current  as  entering  at  the  binding-post,  a, 
passing  through  the  magnet  coils  b  b,  thence  to  the  stud  c,  thence 
around  the  magnet  coils  d  d,  and  back  through  the  frame-work 
of  the  instrument  to  the  binding  post «,  thenco  through  the  car- 
bons to  the  generator.  The  current,  in  pas^^ing  through  the 
magnet  coils  b  b  and  r^  d,  strongly  magnetizes  their  cores.  The 
cores  of  the  magnet  6  b  have  polar  extremities,  formed  with  ec- 
centric faces,  so  that  they  tend  to  attract  the  armature,  carrying 
with  it  the  pointer  in  a  direction  so  as  to  produce  a  deflection  of 
45**  on  the  scale.  The  armature/ of  the  bell  is  held  against  a 
stop  J  by  the  spring  A,  which  balances  the  attractive  force  of  the 
magnet  when  tbe  current  flowing  through  the  coils  d  d  is  nor- 
mal. 

Let  us  assume  that  this  indicator  is  connected  in  the  engine- 
room  with  an  electric  light  circuit,  where  several  lamps  are  in 
operation,  and  the  current  flowing  through  the  instrument  is  the 
standanl  current  necessary  for  this  number  of  lights.  Then,  in 
case  of  the  extinguishment  of  one  or  more  of  the  lamps,  the  re- 
sistance of  the  circuit  will  be  diminished,  the  quantity  of  cur* 
rent  increased,  and  the  pointer  of  the  indicator  will  move  past 
its  normal  position,  due  to  an  increased  attraction  of  tlic  mag- 
nets fr£.  The  magnets  ci  c7  wilt  also  increase  in  strength,  over- 
balancing the  spring  A,  which  holds  the  armature  against  the 
stop- screw  17,  attracting  the  armature  and  striking  the  bell.  When 
tlie  bell  is  struck,  the  contact  points  1  are  closed,  which  shunts  a 
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portion  of  the  current  from  the  magnet  coils  ol  d!,  caasing  it  to  re- 
lease the  armature/  This  operation  will  be  rei>eated  until  the 
engineer  in  charge  sets  tlie  r^ulator  on  the  machine  so  ns  to  re- 
duce the  current. 

In  case  lights  are  turned  oo^  the  resistance  of  the  circuit  will  be 
increased,  the  pointer  will  then  fall  below  its  normal  position,  the 
engineer  will  then  set  the  regulator  so  as  to  supply  the  lamps 
with  more  current  until  the  pointer  comes  back  to  its  original 
position.  In  case  of  a  short  circuit  occurring  on  the  line,  so  a» 
to  cut  out  several  lamps,  the  bell  will  ring  violently,  and  con- 
tinue to  do  so  until  the  extra  current  required  for  those  lamps 
has  been  turned  oft  An  important  feature  of  this  device  is,  that 
it  is  operated  by  the  same  current  as  that  which  operates  the 
lamps,  and  does  not  require  the  aid  of  a  local  battery. 

THE   BROCEIE  AEC   LAMP. 


The  Brockie  regulator  readjusts  the  distance  of  the  carbons 
intermittently  by  automatically  interrupting  the  circuit  during 
the  fraction  of  a  second.  The  positive  carbou  holder  slides  on 
two  guides ;  the  negative  carbon  is  fixed,  consequently  the  lamp 
has  a  shifting  focus.  A  derived  current  traverses  a  branch  cir- 
cuit leading  to  an  automatic  commutator,  and  also  to  an  electro- 
magnet, whose  armature  is  intermittently  attracted,  and  through 
the  action  of  a  clutch,  permits  the  carbon  to  descend  at  such 
times  as  the  armature  is  released  by  the  magnet  The  upper 
carbon  then  falls  on  the  lower  oiie,  but  only  momentarily,  as  the 
action  of  the  commutator  restores  the  action  of  the  electro-mag* 
net^  the  armature  is  again  raised,  and  with  it  the  clutch  lifting 
the  carbon,  reestablishing  the  normal  arc.  The  commutator 
upon  which  the  successful  action  of  the  lamp  depends  is  oon- 
nected  wiih  the  branch  circuit  by  means  of  a  toothed  wheel 
(driven  by  a  worm,  which  is  caused  to  rotate  by  the  generator 
shaft)  and  by  a  pawL  On  the  toothed  wheel  lies  a  small  disk 
jmd  a  projecting  pin.  Kxcept  at  intervals,  the  pawl  lies  on  tbe 
face  of  the  disk,  and  the  circuit  is  closed ;  but  at  iixed  periods, 
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say  of  one  minute,  the  pin  comes  in  contact  with  the  pawl  and 
raises  it  from  the  disk ;  the  circuit  is,  however,  still  maintained, 
until  in  its  revolution  the  pin  passes  clear  of  the  pawl,  and  the  latter 
falls  on  to  the  face  of  the  disk,  the  period  of  interruption  of  the 
circuit  being  that  occupied  by  the  pawl  in  fullingon  to  the  disk, 
when  it  is  immediately  restored.  This  very  minute  jieriod  suf- 
fices to  allow  the  armature  clutch  and  carbon  to  fall 

In  another  form  of  the  Brockic  lamp  two  solenoids  are  em- 
ployed, one  in  the  main  and  one  in  a  shunt  circuit  Thesecond 
magnet  releases,  retards  or  stops  the  feeding  train,  while  the  first 
tightens  or  slackens  the  spring  against  which  the  second  acts,  so 
that  when  a  strong  current  cxi^its  in  the  main  circuit,  the  first 
magnet,  besides  directly  lengthening  the  arc,  will  tighten  the 
spring.  By  this  arrangement  the  lamji  becomes  self-regulating, 
and  may  be  worked  with  currents  of  varying  strength  without 
adjustment  or  regulation.  When  the  solenoids  are  thus  ar- 
ranged, and  the  main  current  is  diminished  from  any  cause,  the 
solenoid  in  the  main  circuit  will  reduce  the  tension  of  the  feed- 
ing spring,  and  thus  compensate  for  the  simultaneous  weakening 
of  the  shunt  magnet,  while  at  the  same  time  it  brings  the  tower 
carbon  a  little  nearer  the  upper  one,  reducing  the  length  of  the 
arc  and  ad j  rating  the  feeding  gear  to  the  desired  sti-ength  of  the 
current  The  arc  of  the  main  circuit  solenoid  is  of  iron  in  the 
upper  part  only,  and  is  pulled  downwards  against  a  spring.  The 
shunt  solenoid,  wliich  is  situated  directly  above  the  other,  ac- 
tuates a  bmke  upon  the  upper  carbon  bolder.  The  lever  of  this 
brake  plays  between  two  stops,  the  lower  of  which  forms  an 
abutment,  which  allows  the  lower  solenoid  arc,  as  it  moves  up  and 
down,  to  diminish  or  increase  the  tension  of  the  feeding  spring. 
The  descent  of  the  carbon  is  retarded  by  a  dasli  \wt  or  a  train 
of  wheels. 


THE   VARLEY   ARC    LAMP. 


This  lamp,  which  is  designed  for  the  employment  of  the 
inveniur's  flexible  carbons,  contains  a  bolder  into  which  the 
carbon  candles  are  coiled. 
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The  caniUes  are  broagbt  tlirougb  conducting  guides,  by 
means  of  which  the  ends  are  brought  together,  to  produce  light 
For  feeding  the  carbon  forward  at  the  rate  requisite  for  ita  oon- 
sumptiou,  conducting  rollere  or  propellers  are  used,  and  a  mag- 
netic regulator  determines  the  length  of  the  arc.  The  central- 
ization of  the  latter  Is  efTected  by  variable  resistance.  Tlie  feed 
is  regulated  by  clockwork,  controlled  by  an  electric  current,  the 
rate  of  feeil  being  dotermiiiecl  by  an  automatic  projwller,  through 
which  the  current  passes. 

Mr.  Varley's  carbons  consist  of  flexible  filaments  made  iuto 
thick,  rope  like  bundle,  and  when  burning  in  an  arc  lamp  the 
result  13  said  to  be  curious  and  novel.  Instead  of  the  dazzling 
iwjint  of  light,  emitting  rays  from  a  veryemaU  area,  and  l'>oking 
like  a  brilliant  star,  the  Yarlcy  light  is  more  like  a  planet,  pre- 
senting a  disk  of  appreciable  diameter ;  most  of  the  luminosity 
coming  from  the  arc  itself,  and  not  from  the  ends  of  the  carbons. 
The  diameter  of  the  carbons  has  to  be  regulated  according  to 
the  strength  of  the  current,  otherwise  they  burn  away  too  rap- 
idly ;  but  when  properly  proportioned  to  the  current  they  are  said 
to  bum  away  more  slowly  than  hard  carbons. 

The  flexible  carbons  are  made  by   taking  pieces  of  rope  or  J 
plaited  cord,  and  soaking  them  in  paraffine  or  crude  ozokerite —  | 
an  inexpensive  fossil  wax^and  then  carbonisring  them  in  a  cru- 
cible filled  with  hydrocarbon  vapor.     Tlic  firing  is  continued  for 
ten  or  twelve  hour^  and  the  lieat  is  intense  enough  to  soften ^| 
wrought  iron  to  a  plastic  state,  slightly  below  ita  melting  point 


THK  WILDB   CANDLE.  | 

The  Wilde  candle  (fig.  271)  is  composed  of  two  carbon  pen- 
cils, twenty-two  inches  long  and  one-sixth  of  an  inch  in 
diameter,  held  in  a  vertical  position,  parallel  to  each  other,  and 
separated  by  an  air  space  of  onc-sixtli  of  an  inch  in  width. 
Each  pencil  is  held  between  two  jaw.**,  which  are  made  to  pass 
against  it  by  a  lioop-shaped  spring  B,  embracing  both.  The 
pair  of  jaws  corresponding  to  the  right-hand  carbon  in  the  fig- 
ure are  supported  on  a  vertical  arm  fastened  to  the  base  of  thoi 
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lamp,  and  axe  in  conneotion  with  one  pole  of  the  lamp, 
arm  which  carries  the  Jaws,  holding  the  other  carbon  C,  oscUlat 
on  a  pivot  A,  precisely  like  a  bell  crank  lever.  From  thi?  arm ' 
the  circuit  leads  to  the  electro- magnet  E  and  thence  to  the  bind- 
ing post.  When  no  current  is  passing,  the  weight  of  the  carbon 
C  causes  the  bell  crank  lever  to  move,  and  its  carbon  C  to  tilt 
until  the  two  carbons  touch  at  their  upper  en  da,  this  inclined 
position  of  the  carbon  C  being  represented  in  the  figure  by  the 
dotted  lines.  As  soon  as  the  current  is  put  on,  the  electro-mag- 
net E  attracts  the  horizontal  portion  of  the  bell  crank  lever, 
which  forms  its  armature,  and  the  carbon  0  is  moved  away  from 
contact  with  the  other  carbon  and  the  arc  established  between 
the  points.  The  carbons  then  bum  down  as  in  the  JablochkofI 
candles^  and  arc  consumed  at  the  rate  of  about  five  inches  per 
hour.  By  making  the  support  of  the  candle  hollow,  Mr.  Wilde 
ia  enabled  to  use  much  longer  carbona  In  some  instances  they 
are  twenty-six  inches  long,  and  are  both  slipped  upward  at  in* 
tervals  through  the  jaws  holding  them.  In  this  way  they  may 
be  made  to  last  four  or  five  hours  without  needing  any  renewal 
of  carbons.  When  the  number  of  hours  of  lighting  is  greater 
than  five,  a  number  of  candles  are  grouped  into  the  same  lamp. 


THB  JAVTN   CANDLE. 

When  the  Jablochkoff  candle  was  broughtout,  Jamin  devoted 
himself  exclusively  to  the  study  of  improvements  on  it  Like 
many  others,  he  deprecated  the  use  of  the  kaolin,  and  his  ex- 
periments were  made  wiOi  carbona  sepurute*!  by  an  air  space 
only,  as  in  the  Wilde  candle.  In  Jamiu's  opinion,  one  great 
disadvantage  of  the  JablochkofI  caudle  was  the  projection  of 
its  light  uj>ward  instead  of  downward,  and  when  used  in  street 
lighting,  lights  the  atmosphere  rather  than  the  ground.  It  was 
n(Jt  expedient  to  invert  it,  as  that  rendered  the  light  very 
unsteady.  The  heated  gases  and  warmed  air  around  the  arc 
tend  to  rise,  and  in  doing  so  produce  air  currents  like  those 
that  lick  the  flnme  of  a  wax  candle,  and  the  arc  ia  constantly 
displaced  toward  one  side  or  the   other,  which  renders  it  un- 
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f^gHdadj.  Jamin  studied  variotiR  roethoda  by  which  the  arc 
ootald  be  maiutained  fixedly  at  the  tips  of  the  carbons,  and 
finally  acGomplished  it  by  taking  advantage  of  tiie  fact  that  par- 
allel currents  flowing  in  the  same  direction  attract  each  other, 
and  that  an  arc  placed  near  another,  or  near  a  conductor  carry  ing 
a  current^  will  be  attracted  wbea  the  currents  in  both  jjarla  are 
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flowing  in  the  same  direction,  and  repelled  when  they  are  flow- 
ing in  contrary  directions  The  principle  oC  the  Jamin  candle 
IB  diagrammatical ly  represented  in  fig.  272.  In  this  ciindle  the 
oondnctor  I<  fomis  a  c<>il,  or  hank,  around  the  carlxiiis  c  c\  Tlie 
arrows  show  that  the  currents  in  the  carbon  e  and  tlie  side  1  of 
the  Iiank  of  wire  are  always  in  the  same  relative  direction,  and 
that  such  is  also  the  case  for  c*  and  2,  aa  well  aa  for  b  i"  and  d(P. 
The  current  being  alternate,  the  direction  of  the  arrows  would, 
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of  course,  be  reversed  during  every  second  impulse,  but  the 
relative  directions  of  eiich  couple  would  remain  the  same,  ^fl 
follows  from  tliis  condition  that  as  long  as  the  current  passes, 
the  carbon  c  will  be  attracted  to  the  left  and  the  carbon  c*  to 
the  right,  and  the  arc  a,  instead  of  passing  in  a  straight  line 
between  the  tips,  will  be  pulled  upward  and  form  an  arch. 

Fig.  273  shows  an  early  form  of  the  Jamin  candle.  The 
wire  is  coiled  into  a  hunk,  which  forms  the  suspension  brackets 
by  which  the  candle  proper  is  supported;  and  the  ends  of  tlie 
wire  also  form  the  cotiiieotlons  by  means  of  whicb  it  is  included 
in  the  circuiL  In  some  ciises  the  kaolin  was  used  and  the  car- 
bons were  connected  at  the  tips  by  the  plumbago  mixture  which 
completed  the  cirtmit  in  tli«  JabloohkofF  candle,  Vmt  later  the 
kaolin  was  ilispensed  with,  and  the  circuits  were  completed  by 
tlie  carbons  coming  into  contact  under  the  influence  of  a  spring. 
Tlie  attraction  caused  by  the  current  in  the  surrounding  or 
directing  coil  was  sufficient  to  move  the  carlwns  apart  and 
establish  the  arc,  which  was  sometimes  attracted  so  quickly  and 
powerfully  by  the  mtitrnetic  reat'tion  between  it  and  the  coil  that 
it  would  become  arched  and  break  in  two,  thus  opening  the  cir- 
cuit ■ 

The  latest  form  of  the  .Tftmin  candle  embodies  some  morli- 
fications.  'V]iQ  directing  coil  is  in  the  form  of  a  flattened  hank 
wound  in  a  grooved  frame  of  thin  copper,  scarcely  thicks 
than  the  carlx)n»,  in  orth^r  that  the  light  from  the  candles  inside 
the  coil  may  not  bo  too  much  intercepted  and  give  rise  to 
shadows.  In  each  hunter  there  ore  thi'ee  seta  of  carbons,  but 
only  one  set  is  consumed  at  a  time,and  the  action  of  transferring 
the  current  to  the  next  set  is  automatic.  The  carlwns  are  all 
held  in  clips  on  the  emls  of  arms  supportevi  by  a  flat  platform  of 
slate,  ebonite  or  other  insulating  material.  The  arm  to  which 
the  left-hand  carbon  of  each  set  is  attached  is  pivoted  so  as  to 
oscillate  in  the  plane  of  the  coil,  and  can  therefore  move  llie 
left-hand  carbon  into  contact  with  the  right  hand  carbon,  or 
away  from  it  Tlie  current  passes  through  the  regulating  coil 
on  its  way  to  the  candle^  the  three  left-hand  carbons  being  el 
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Each  of  thg  arms  holding  the  left-hand  carbons  ia  connected 
with  this  armaTAire  and  controlled  by  it;  when  the  armature  ia 
not  attracted  it  falls  dowa  by  ita  weight,  and  the  carl>on3  move 
into  contact,  but  when  it  is  attracted  they  move  apart  The 
right-hand  carbons  are  held  in  clips  om  arms  which  caa  also 
oscillate,  but  not  in  tho  same  plane.  Tliey  tend  to  move  at 
right  angles  to  the  othcra  A  spring  normally  holds  them  out 
of  line.  In  this  situation  the  left-hand  carbon  would  be  nnable 
to  come  into  contact  with  tho  right-hand  carbon  held  in  this  clip ; 
but  when  tho  right-hand  carbon  is  put  in  place,  a  emuU  wire 
hook  ia  brought  around  it  and  fastened  at  the  other  end  to  an 
arm,  by  which  the  right  hand  carbon  ia  thus  held  in  line  in 
opposition  to  the  spring.  On  passing  the  current,  tho  armature 
ia  attracted,  tlie  carbons  are  separated  and  the  arc  is  established. 
Now,  if  the  carbons  were  all  of  equal  length,  each  set  would 
become  separated  at  the  same  instant,  consequently  the  cnrrent 
would  be  divided  equally  between  the  three  sets.  In  practice, 
the  sets  of  carbon  are  made  of  unequal  length,  therefore,  only 
the  longest  set  comes  into  contact,  and  at  that  set  the  arc  is  first 
established.  When  this  set  is  almost  consumed,  and  the  caudle 
has  burned  down  almost  to  the  clips  holding  the  carbons,  the 
smal]  wire  hook  which  holds  the  arm  of  tho  right-hand  carbon 
in  place  is  fused  by  the  heat  of  the  arc.  Under  the  inflnence 
of  the  spring,  the  carbon  holder  flies  out  of  position;  and  aa 
tho  contact  cannot  be  re-established  between  it  and  JLi  mate,  the 
armature  falls  down  farther  and  the  next  set  of  carbona  is 
brought  into  play.     After  this  the  actioo  jirocecds  as  before. 

THE   Mt^LLER  INCANDESCENT   LAMP.  ' 

Mr.  MUller's  incandescent  lamp  is  shown  partly  in  section  in 
two  views  in  fig.  274.  In  this  lamp  the  inventor  secures  the 
following  important  results :  First,  rcptaclDg  the  carbou  iilameut 
without  breaking  or  rendering  useless  any  part  of  the  lamp ; 
second,  preventing  the  entrance  of  air  through  the  joints 
between  the  plug  and  the  conductors  passing  through  it  to  the 
carbon  filament 
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Tlio  glass  globe  or  bulb  U  jirovidcil  witli  a  flaring  strengtTi- 
eiied  ncclc,  fitting  very  liglitly  oti  a  lievelleci  glass  stopper  or 
plug,  -which  is  secured  iiir-iigUt  by  means  of  packing  material  in 
a  liollow  base,  X>,  ailaptcd  to  be  screwed  on  or  olherwiso  attache<l 
to  a  bracket  or  chandelier  arm.    The  ghiss  plug  and  the  neck  of 


\ 
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the  globe  are  ground  together  so  aa  to  ilt  air-tight  against  each 
other.  A  packing  i*i  placed  around  the  plug  and  the  edge  of 
the  neck  as  shown.  Two  carbon  conductors  of  suitable  thick- 
ness arc  passed  through  longitudinal  openings  in  the  gla^ia  plug, 
projecting  from  lh«  top  and  bottom  of  the  plug,  and  secured  in 
the  plug  by  a  suitable  cement  forming  air-proof  jointA 

Copper  rings  are  cast  or  blown  into  the  top  and  bottom  of  the 
plug  around  the  apertures  tlirough  which  the  carbon  conductors 
pass,  and  these  rings  ]>roject  slightly  from  tho  ends  of  the  plug. 
G)pper  is  then  precipitated  by  means  of  electricity  arouud  the 
projecting  ends  of  tiie  ciirl)ons  and  the  ringsu  By  this  means 
the  projecting  ends  of  the  carbons  will  be  strengthened  and  pre- 
vented from  being  broken  oS.  and  the  juiut  will  bo  made 
air-tight 
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The  upper  ends  of  tho  carbons  are  provided  with  slots  into 
which  the  ends  of  a  carbon  filament  are  passed  and  secured  by 
means  of  a  peculiar  cement  A  glass  seal  tube  projects  from 
the  bottom  of  the  plug  through  the  base  of  the  lamp^  in  which 
it  is  secured  airtight  by  means  of  cement  Tlie  end  of  this 
tube  extends  through  the  plug,  and  is  contracted  at  its  upi>er 
end  This  tube  is  stoppetl  at  both  ends,  and  the  intervening 
space  is  filled  with  mercury. 

Two  insulated  spring-contact  strips  project  upward  from  the 
bottom  of  the  recess  in  the  lamp  base,  and  rest  against  the  lower 
projecting  ends  of  the  curbons.  These  strips  are  connected  with 
conducting  wires,  B  C,  leading  to  the  electric  generator.  A  key 
journaled  in  the  lamp  base  has  at  its  inner  end  a  cross  piece, 
which  is  of  sufHcient  length  to  separate  the  strips  and  remove 
them  from  the  ends  of  the  carbons  when  it  is  in  a  horizontal 
position.  When  this  cross  piece  is  in  a  vertical  position,  the 
strips  are  released  and  rest  against  the  ends  of  the  carbons. 

Should  the  carbon  Blament  be  destroyed  or  broken,  the  globe 
is  removed,  a  new  filament  is  inserted,  the  globe  is  replaced,  and 
the  air  is  exhausted. 

THE    EDISO^f   ARC   LAVP. 


The  principle  of  the  Edison  are  ligbt  regulator  is  showt 
6}?.  27o.  M  and  M'  :»re  two  electro-magnets  of  the  same  or  ap- 
proximately tiie  same  resistance.  The  former  is  located  in  the 
main  circuit  1,  2,  in  which  are  also  tbe  carbon  electi^es,  C  C'^ 
of  the  tamp,  and  the  latter  is  located  in  u  shunt  circuit,  3,  ^fl 
which  is  formed  around  the  arc  or  the  carbon  electrodes.  A^ 
second  shunt  circuit,  6,  6,  with  a  small  resistance,  R,  is  formed 
around  the  electro- mi^nct,  M,  this  circuit  being  joined  to  Uie 
main  circuit  on  opposite  sides  of  the  connection  of  M  therewith. 
The  electro- magnet  X[,  while  of  Uie  eauio  resistance  aa  M',  has  a 
greater  weight  of  copper  in  its  coils.  M  and  M*  act  oppositely 
upon  a  statiotuiry  core,  B.  The  armature,  A,  is  carried  bv  a 
lever,  A',  which  works  a  gripping  eye,  b,  for  lifting  the  upper 
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carbon  electrode,  C,  to  fonn  an  arc  and  for  regulating  tlie  feed 
o£  the  carbon  electrode.  When  C  and  C^  are  in  contact,  M  pre- 
dominates and  lifts  C,  so  as  to  fomi  the  arc.  Wlien  tho  arc  in- 
crea."es  lo  a  definite  degree,  W  counteracts  the  sustaining  effect 
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of  M,  and  C  is  allowed  to  drop  vintil  again  arrested  by  M.  Tlte 
low  resistance  shunt  circuit,  5,  6,  reduces  the  resistance  of  the 
main  line  and  allows  the  cun-ent  Uy  flow  freely  to  the  lampa  In 
another  fonn  of  ihia  regulator  M  and  M'  ai'c  solenoids,  and  act 
upon  the  same  movable  core  which  is  connected  directly  with 
tJie  lever  that  works  the  gripping  eye. 


TIIK   KOCKIlAUStEN    AUO  LAVP. 

Fig.  276  presents  n  general  view  of  the  Hockhausen  lamp, 
manufactured  Ijy  the  Excelsior  Electric  Company  for  ordinary 
)Dstallation!<.  The  lower  carbon  is  fixed,  and  the  up[>er  carbon 
feeds  it-self  by  its  own  weiglit,  the  motion  being  cont»X)lled  and 
r^ulated  by  suitable  electrical  and  mechanical  devices.  The 
frame  of  the  lamp  is  insulaterl  from  all  parts  of  the  mechanism 
through  which  the  current  has  U>pas.s.  The  lamp  may  therefore 
be  touched  anywhere  on  the  outside  with  absolute  immunity 
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Irom  shocks.  The  temunala  of  the  lamp  consist  of  two  insn- 
lated  wires  issuing  from  the  top  of  the  regulating  mechanism, 
from  which  they  are  insnlated  by  vulcanite  sleeves.  They  puss 
through  similar  sleeves  in  the  ends  of  a  small  yoke  fastened  to 
the  tube  which  serves  to  protect  the  carboD  rod.  Tlie  suspen- 
sion rods  which  support  the  lower  carbon  and  the  glass  globe 
consist  of  iron  rods  enamelled  with  a  covering  of  glazed  wiiite 
porcelain.  These  suspension  rods  pass  down  close  to  the  carbon 
rod  in  a  line  with  tbo  outer  margins  of  the  case  of  the  regu- 
lalirig  mechanism,  from  which  llicy  are  insulated  by  vulcanite 
bufihinga  In  arc  lamps  adapted  to  be  used  in  series,  the 
regulating  mechanism  is  controlled  by  a  differential  action 
between  two  opposing  forces,  one  of  which  tends  to  separate  the 
carbons,  and  the  other  to  bring  them  together.  In  the  Hock- 
hausen  lamp  there  is  such  a  differential  action,  but  the  force 
which  tends  to  produce  the  separation  is  derived  from  a  spring, 
and  not  from  a  mjignct  or  solenoid  included  in  the  main  circuit, 
as  is  the  case  in  other  lamps.  There  is  a  main  circuit  magnet 
in  the  regulator,  but  its  office  is  merely  to  release  the  spring 
when  the  current  is  put  on,  by  removing  a  weight  (the  arma- 
lui*e)  that  holds  it  down. 

Fig.  277  shows  the  regulating  mechanism  of  the  single  lamp 
in  side  elevation,  the  side  panels  of  the  case  being  removed. 
In  the  upper  portion  of  the  case  is  a  Rat  piece  of  vulcanite,  v, 
to  which  are  fastened  two  pieces  of  brass,  a  f,  which  serve  to 
make  the  connections  between  the  terminal  wires  P  N,  and 
other  portions  of  the  lamp  circuit  The  right  hand  piece  re- 
ceives the  current  from  the  positive  tem:iinal  wire  P.  The 
carbon  rod  R  jiasses  down  through  a  hole  in  this  piece,  and  thus 
forms  contact  with  it  and  receives  current  It  also  receives  cur- 
rent through  a  brass  comb  brush  B,  connected  with  piece  a. 
At  the  bottom  of  the  case  the  carbon  rod  passes  through  a 
piece  of  brass,  also  resting  on  vulcanite  insulation  z.  From  this 
piece  of  brass,  which  is  thus  directly  connected  to  the  positive 
terminal,  there  is  a  wire  passing  up  and  leading  to  the  fine  wire 
solenoids  D,  as  shown  in  the  Bgure.     The  brass  spring  j3,  which 
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forma  part  u£  the  switch,  is  also  attached  to  this  brass  pieo^ 
The  current,  after  passing  through  the  arc,  returoa  upward  by 
the  right  hand  suspension  rod  as  far  aa  K,  where  it  enters 
through  a  wire  leading  to  a  coupling,  3.  From  this  coupling 
there  is  a  branch  which  goes  to  the  main  circuit  solenoids  M, 
from  which  a  wire,  fi,  Icad&  to  the  left  hand  piece  a,  and  con 
sequently  to  the  negative  terminal  wire  N.  The  brass  piece  t  iS 
oonneuled  with  a  brass  post  on  the  further  side  of  the  lamp  and 
the  upper  end  of  which  is  seen  at  r.  This  brass  post  is  ooa- 
nected  with  the  negative  terminal  by  a  wire  seen  pacing  up 
close  to  the  left  siile  of  the  carbon  rod.  To  this  wire  is 
connected  the  other  end  of  the  solenoids  D,  which  forms 
a  derived  circuit  around  the  arc.  The  piece  (  is  connected 
to  the  circuit  on  the  negative  side  of  the  arc,  while  the  spring  p 
is  connected  on  the  positive  side.  IleDcc,  by  pressing  the  spring 
inUi  contact  with  (  the  lamp  becomes  short-circuited.  This 
arrangement,  therefore,  furnishes  a  8im[)le  switch.  The  spring 
is  pushed  into  contact  by  an  arm  of  vulcanite,  o,  which  is  swung 
round  by  a  lever  or  key,  conveniently  disposed  below  thfi 
case. 

The  feed  mechanism  is  quite  simple.  The  carbon  rod  is  pr 
Tided  with  a  rack  which  gears  into  a  small  pinion.  This  pinion" 
is  not  shown  in  the  Hgurc^  for  it  is  on  the  same  shaft  as  the 
toothed  wheel  W,  and  therefore  hidden  by  the  latter.  The 
pinion  is  insulated  from  the  shaft  and  from  the  wheel  W, 
however.  It  is  fitted  on  a  vulcanite  sleeve,  and  held  in  {position 
by  being  fastened  to  a  vulcanite  disk  on  the  wheel  W.  By  this 
insulation  the  current  passing  through  the  carbon  rod  is  pre«^| 
vented  access  to  the  mechanism  and  to  the  case  On  this  sidcj™ 
of  the  escapement  wheel  m  is  a  ratchet  wheel,  not  shown  in 
the  engraving.  This  ratchet  wheel  is  fastened  to  a  sleeve  on  the 
shaft  of  the  wheel  m,  together  with  a  pinion  gearing  with  the 
wheel  W.  The  teeth  of  the  ratchet  wheel  arc  so  directed  that 
when  the  carbon  rod  is  moved  upward  it  slips  on  the  shaft  of 
the  wheel  m  ,*  but  when  the  carbon  r<  »d  descends  it  engages 
the   eacupemeut   wheel  m,  which  o[)eratcs  the  escapeaicut  x 
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fastened  on  a  common  shaft  with  a  long  fan  partly  shown  in 
while  near  L  'J  he  little  white  dot  above  the  escapement  shows 
a  pin  that  controls  or  cliwks  tlie  rnovemenL 

The  framework// of  the  escapement  mechanism  is  ilBolf  piv. 
oted  at  ft,  and  can  be  swung  bodily  from  right  to  left  The 
U-shaped  armature  of  the  solenoids  D  is  attached  to  the  left  end 
of  this  framework,  and  moves  up  anil  down  at  the  same  lima 
The  spring  S  normally  tends  to  lift  the  left  side  of  the  frame- 
work, or,  in  other  words,  to  make  it  swing  from  left  to  right 
As  long  as  no  current  is  i>assiTig  through  the  coils  M,  however, 
the  weight  of  the  armature^  counteracts  this  spring  and  holds 
down  the  left  end  of  framework  /-  In  this  situation  the  es- 
capement X  is  freed  from  the  escapement  wheel  m  b}"  the  lever 
I,  which  is  tilted  upward  and  mtives  the  escapement  shaft  to  the 
right  The  object  of  this  release  of  the  escapement  wheel  m  is 
to  allow  the  carbon  rod  II  to  move  down  the  moment  the  current 
is  cut  oS  from  the  Iam{s  so  as  to  close  the  circuit  through  the 
carbonH  agais. 

When  the  enrrent  is  sent  thruiigh  the  lamp  it  passes  through 
the  carbon  circuit,  including  the  solenoids  M,  and  also  in  smaller 
proportion  through  the  fine  wire  solenoids  D  in  derived  circuit 
The  two  vertical  (^ores  of  the  armature  g  are  sucked  up  into  the 
solenoids  M,  and  the  weight  counteracting  the  spring  S  is  re- 
leased. The  framework  /  is  thereby  moved,  and  as  stwn  aa  it 
begins  to  move,  the  lever  /  tilts  back  aguiii,  ciiiniing  the  escape- 
ment X  to  engage  the  wheel  m  once  more.  The  further  motion 
of  the  framework  causes  the  carbon  rod  to  be  raised  bodily,  so 
as  to  cause  separatism  between  the  carbons  and  establish  the 
arc.  But  as  the  weight  of  the  carbon  rod  would  move  the  train 
of  wheels  and  cause  the  escapement  x  with  its  attached  fan  to 
beat  to  and  fro,  the  carbons  would  soon  touch  again.  Thia  is 
prevented  by  a  weighted  lever  df  which  catches  the  lower  end 
of  the  fan  and  stops  its  motion.  As  the  framework  /  is  moved 
under  the  influence  of  the  spring  S,  the  pivot  of  this  lever 
moves  tnwanl  the  left  This  has  the  same  oiTect  aa  if  the  regu- 
laUog  screw  c  were  moveii  out  of  it<i  way  to  the  right     The 
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hooked  portion  cotisequenlly  tips  upward  and  engageii  the 
end  of  the  fan. 

As  long  as  current  passes  through  the  lamp,  the  cores  q  reou 
attracted  by  the  solenoids  M.     The  framework  does  not  nee 
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oi  equilibrium  is  reached  where  the  spring  is  balanced  by  the 
attraction  of  the  solenoids  D.  As  the  carbon  consumes  the  arc 
lengthens,  and  thin  leads  to  an  increased  diversion  of  current 
through  D,  which  overpowers  the  spring  S  and  pulls  down  the 
framework.  This  has  the  effect  of  moving  the  lever  d  against 
the  screw  c,  so  as  to  release  the  escapement  fan,  which  begins  to 
vibrate.  After  a  few  teeth  of  the  wheel  m  have  escaped,  per- 
haps, the  arc  has  regained  its  normal  length,  and  as  the  shunt 
solenoids  T>  Imve  thereby  become  weakened,  the  spring  S  is 
released,  so  that  the  framework  again  moves  upward.  If  the 
spring  S  has  its  tension  increased,  then  the  arc  will  be  longer, 
because  it  will  require  a  greater  diversion  of  current  tlirough 
tlie  shunt  D  to  overcome  this  tension.  The  tension  of  this 
spring  may  be  readily  adjusted  by  means  of  a  screw  T,  which 
is  shown  on  the  outside  of  the  case.  Tlie  differential  action  is 
produced  between  the  spring  S  and  solenoids  D ;  the  main  cir- 
cuit solenoids  M  serving  only  to  release  this  spring. 

Mr.  Hockhausen  lias  added  an  'automatic  cut-out  to  this 
lamp,  to  provide  for  its  extinguishment  in  case  it  fails 
to  feed  from  any  cause.  Behind  the  vertical  post  <r  is  a  sup- 
plementary armature,  which  is  acted  upon  by  undue  increase 
of  current  in  the  solenoids  D  when  the  arc  becomes  too  long 
It  consieis  of  a  tiat  piece  of  sheet  iron  pivoted  at  the  top  between 
two  brass  posts,  one  of  which  (r)  is  connected  by  wire 
wilJi  the  negative  terminal  N.  Under  the  influence  of  the 
current  in  T),  this  armature  is  tilted  to  the  left,  and  when 
the  arc  acquires  an  abnormal  length,  the  attraction  proceeds 
until  the  armature  touches  a  contact  piece  connected  by  wire 
11  u  to  the  coupling  'd.  By  this  means  it  will  be  seen  that  the 
solenoids  M  are  short  circuited.  The  tilling  motion  of  the  arm- 
ature has  placed  a  flat  spring, «,  in  such  n  position  tliat  when  the 
core  g  falls  down,  being  no  longer  attracted,  it  presses  this  flat 
spring  against  a  contact  connected  with  the  positive  pole,  thus 
short  circuiting  the  lamp. 

The  same  mechanism  is  also  de^iendcd  upon  to  short-circuit 
the  lamp  when  the  carbons  are  consumed.     For  this  purpose 
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the  carbon  rod  is  provided  with  a  fimall  spring  projecting  from 
its  surface  at  tlio  upper  end.  When  the  carbon  rod  has 
descended  sufHcientlj,  this  engages  against  a  piece  of  vulcanite, 
n,  attached  to  the  supplementary  armature,  and  causes  the  arn 


Fig.  2Ta 

ature  to  tilt,  with  the  effect  of  short  circuiting  the  lamp  in  tb4 
same  way  as  before.  The  r^ulating  mechanism  of  the  double 
lamp  (fig.  278)  embodies  the  same  principles  of  constmctioa 
The  main  difference  is  that  m  this  cAse-.  there  are  two  escapemeat 
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'T'^  ^chanisms,  both   carried  bj?   the   same   framework,   on©  for 

^^<2h  carbon  rod     The  escapements  and  fans  (//)  arc  engaged 

^rk*]  released   in   both  at  tlie  same  time,  bm  ihere  is  always 

oiic  carbon   rod  which   is  prevented   from   descending.     The 

<i«svice  by  which  this  is  accomplished  is  shown   in  Fig.  279. 

Tlie  left  hand  carbon  nxl  A  w  prevented  from  descending  by  a 

pin,  ft,  resting  against  the  end  of  a  bell  crank  lever  e  d,  which  is 

Vi.«ld  forcibly  against  it  by  a  sfiring,  S.    The  other  carbon  rod,  B, 

txowever,  is  free  to  descend.     The  arc  is  therefore  produced  on 

tViis  side,  the  other  carbon  being  held  at  a  slight  distance,  out  of 

oontacL  Wlicn  the  carbon  rf>d  B  has  descended  quite  down,  a  little 

■p>in,  6,  comes  against  the  other  end  of  the  cranlc  lever  and  moves 

tliis  lever  into  a  position  represented  by  the  dotted  lines,  thus 


allowing  carbon  rod  A  toslipdown.  The  carbons  on  this  side  (A) 
DOW  come  in  contact,  and  the  arc  at  B  dies  out  The  regulator 
now  causes  the  separation  between  this  new  set  of  carl>onti,  the 
carbon  rod  B  remaining  suspended  by  the  pin  h.  The  switch 
and  the  automatic  cut-out  just  described  are  used  in  this  lamp. 
In  this  case  the  second  carbon  rod  (A)  is  provide!  with  a  pin  at 
the  upper  end  so  as  to  tilt  the  armature  of  the  cut-out  and  short 
circuit  the  lamp  when  the  second  set  of  carbons  is  consumed. 

These  lamps  ap{)ear  to  regulate  their  arc  with  great  nicety 
and  prccisioa     Clockwork  merhaniam  for  arc  lamps  is  necea- 
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sarily  moro  complicated  than  clatoh  mechanisms,  but  thcro  is  no 
undue  complicatiou  in  this  casc^  considering  the  variety  of  func- 
tions to  be  pcrformctL  Tlie  uro  muintaiiied  is  about  an  eighth 
of  an  inch  long,  and  the  carbons  used  ai'e  seven-sixteenths  of  an 
inch  in  diameter,  and  with  the  current  of  ton  amp&rea  osually 
maintaiijcd  in  circuit,  tho  crater  in  the  i>osiiive  carbon  is  well 
defined  and  clean. 

Fig.  280  shows  a  focusing  regulator  for  steamboat  search 
lights,  locomotive  headlights,  or  other  purposes  where  the  arc 
light  is  used,  with  a  parabcilic  reflector  for  projecting  a  beam  of 
light  in  one  direction.  In  regulators  of  this  description  the 
same  mechanism  has  to  contr<^>l  the  two  carbons,  and  make  the 
lower  one  feed  upward  and  the  upward  one  feed  downward, 
so  that  the  arc  may  always  remain  in  the  focus  of  tho  reflector. 
In  this  case  this  result  is  attained  by  an  easy  modification  of  the 
regulating  mcehaiiitim  of  the  standard  arc  lamp.  Tho  carbon 
rods  both  have  racks,  and  they  gear  into  pinions  carried  on  the 
same  sleeve,  though  insulated  from  each  other. 

They  are  placed  on  oj>posite  sides  of  the  shaft,  and  therefore 
the  downward  raodon  of  the  positive  carbon  ro<l  causes  the  up- 
ward motion  of  the  negative  carbon  rod.  Tho  upper  carbon 
consumes  twice  as  rapidly  as  tlie  lower,  and  for  that  reason 
the  pinion  of  its  carbon  nxl  is  of  a  diameter  twice  as  large,  in 
order  that  it  may  feed  down  twice  ns  fast  as  the  lower  one  feeds 
}X\\  These  pinions  are  fastened  to  a  ratclit-t  wheel  which  slipts 
on  the  shaft  of  the  large  toothed  wheel  when  tlie  carbons  are 
moved  apart,  but  engages  this  wheel  when  the  carbons  are  re- 
leased. This  toothed  wheel  gears  into  the  pinion  of  a  shaft  car- 
rying the  escajiement  wheel,  Wlieu  uo  current  is  passing 
through  the  lamp  tho  weight  of  tho  cores  of  the  upper  solenoids 
tilt  the  framework  nf  the  mechanism  as  ia  the  standard  lamp,  and 
in  this  situation  also  the  cacapement  is  freed  by  a  small  lover. 
"When  the  current  is  passed  through  the  lamp  the  framework  ia 
tilted  in  the  other  direction  by  the  spring,  and  the  escapement 
is  again  engaged.  Tho  lower  cud  of  the  fan  is  nlso  moved  down 
by  this  tilting  movemout  until  it  is  impeded  and  au>p]XKl  by  a 
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small  hooked  lercr  !>hown  in  tlie  figare.  The  operation  of 
T^ulator  is  therefore  the  same  as  in  the  Rtandard  lamp.  ']'h«:=^ 
carbon  clamp  of  each  carbon  rod  is  attached  to  a  transvcre^^ 
piece  fiUding  on  two  vertical  i>o8ta,  and  fastened  to  the  rod.  ^^~^ 
this  way  the  carbons  may  be  placed  at  a  distance  from  the  bodj^J 
of  the  regulator,  thus  leaving  ri>om  for  placing  a  reflector  be^E 
hind  the  carbons. 
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Fig.  281. 

This  lamp  (Fig.  281)  differs  from  others  in  the  form  given  to 
the  carbon  loop,  which,  in  this  case,  aasiimes  the  semblance  of 
a  letter  T.  The  carbon  lonp  is  formed  of  vegetable  fibre  of 
peculiar  kind,  which  is  found  very  durable.  The  weak  spot  i 
incandescent  lamps  is  generally  in  the  imperfect  connection 
tween  the  wires  passing  through  the  glass  and  the  cirlx^n  filH 
mcnt  It  is  claimed  that  in  these  lamps  the  connections 
made  in  an  improved  manner,  which  leaves  nothing  to  be  de- 
sired. 
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Fig.  2S2  shows  a  plain  form  of  bolder  used  with  these  lamps. 
The  threo  hent  wire  springs  embrace  the  lower  |>ortion  or  neck 
of  ihc  lamp,  ami  the  smalt  platinum  wires  protruding  through 
glass  are  jniiched  between  the  split  extremities  of  the  circuity 


:sm^- 


iV-  382. 


/I'?.  283. 


connecting  hy  meaiia  of  screws,  one  on  each  side.  Fig.  283 
Khowj*  ono  of  tliese  holders  mounletl  on  a  hand  stand  and  nuji 
porting  an  incandescent  lamp.  Fig.  284  shows  a  more  orna- 
mental form  of  holder*  in  which  the  bent  wire  Bprings  are  re- 
l>laceil  by  sheet  brass  springs,  forming  part  of  the  casing. 

Tim  device  represented  in  fig.  281  is  called  an  automatic  sub- 
stitnter.  The  circuit  is  dfvided  at  first  into  two  branches,  one  of 
which  includes  the  elcctro-mognet  shown  in  the  base,  together  with 
one  of  the  lamps.  The  other  includes  the  other  lamp,  but  re- 
mains closed  only  as  lung  as  the  armature  is  retructcd.     When 
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the  current  is  put  on,  tbcrefore,  and  the  magnet  is  excited, 
the  seconfl  circuit  is  opened  and  only  the  first  lamp  remains  in 
circuit  If  this  lamp  breaks,  however,  the  armature  instantly 
falls  back  and  closes  the  circuit  through  the  8ecoii<l  lamp.  There 
are  many  situations  where  it  would  be  very  desimble  to  use  the 
ineaadcsceut  light  in  connection  with  the  arc  lighi;  and  many 
places  where  a  few  incandescent  liglita  would  be  more  conve- 
jiient  and  useful  than  one  arc  light  To  meet  this  want, 
alte>n]}ts  have  been  made  to  run  incandescent  lights  in  the  same 
circuit  with  arc  ligbti?.  It  seems  quite  plausible  that  if  the 
cuiTcnt  in  circuit  is  ten  ampiircs,  and  each  incandescent  lamp 
requires  a  current  of  one  ampdre,  that  by  dividing  the  circuit 
inU)  ten  branches,  each  of  which  includes  a  liglit,  the  lamps 
ought  to  burn  successfully.  But  the  trouble  is,  that  if  one  lamp 
breaks  the  other  nine  will  receive  the  ten  amperes  among  them, 
or  each  will  receive  one-tentli  of  an  ampere  more  than  is 
required.  This  may  lead  to  the  rupture  of  another,  and  this 
again  cause  an  increase  of  one-tenth  of  an  ampfere.  In 
short,  the  breaking  of  one  lamp  endangers  the  rest  Mr. 
Hockhausen  jjroposes  to  remedy  the  difficulty  when  a  lamp 
breaks  by  shunting  the  surplus  current  through  an  equiva- 
lent resistance  If  two  lamps  break  he  diminishes  this  resistimce. 
Finally,  if  there  is  danger  that  the  lamps  may  bum  upaltogether, 
they  are  all  cut  out  of  tlie  circuitby  means  of  the  apparatus  shown 
in  fig.  285.  The  switch  shown  on  the  right  hand  side  is  uormally 
pulled  toward  the  cover  by  a  spring  not  shown  in  the  figure.  In 
this  condition  the  incimdcscent  lami>s  are  cut  out  of  the  arc  light 
circuit  The  contact  piece  nearer  to  the  cover  of  the  case  is  con- 
nected to  the  armature  of  an  electro-magnet  within.  This  electro- 
magnet is  included  in  the  main  circuit,  and  when  the  current  is 
passing,  it  attracts  its  armatxire,  and  causes  the  contact  piece  out- 
side the  case  to  project  out  from  the  surface  of  the  case.  If, 
now,  the  switch  is  moved  to  the  right,  it  is  prevcnied  from 
moving  back  by  the  insulated  end  of  this  protruding  contact 
In  this  condition,  the  incandescent  lamps  are  included  in  the 
circuit — that  is  to  say,  the  circuit  divides  at  one  point  into  several 
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branches,  in  which  are  included  the  lam{»s — one  iu  each  branch. 
But  there  is  one  of  these  branches  which,  instead  of  a  lamp, 
includes  a  relay  magnet  of  ratber  high  resistance.  Nuw,  if  a 
lamp  breaks,  the  current  increased  in  all  the  remaining  branches. 


J-'i'j.  284. 

The  relay  feels  this  increase,  and  lis  armature  comes  against  a 
contact  whicli  closes tljecircuit through  attother branch,  including 
an  equivalent  resistance  plnced  iu  the  case,  and  consisting  of  wire 
wound  on  wc>odeu  reels,  every  turn  of  the  wire  bein<^  accessible 
to  tlio  air  so  as  to  admit  of  ready  cooling.  If  anotlicr  lamp 
breaks,  the  armature  of  ihe  relay  is  attracted  further,  and  closesa 
circuit  through  a  lamp  placed  on  top  of  tlie  regulator  case  to  warn 
the  attendant,  who  immediately  proceeds  to  replace  the  two  broken 
lamps.  But  meanwhile  another  lamp  still  may  break,  and  as 
the  relay  cannot  muko  further  com[>ensatiou,  there  is  unmiiient 
danger  that  the  oilier  lumps  will  break.  This  is  prevented  liy  a 
kind  of  automatic  cut  ouU  The  relay  is  providetl  with  a  supple- 
mentaiy  armature,  which  is  attracted  when  the  current  increases 
beyond  the  limit  compensated  for  by  the  relay  itself.  The 
motion  of  this  armature  short  circuits  the  electro- magnet  in  the 
maia  circuit,  whose  function  is  to  make  the  contact  piece  pro- 
trude on  the  outside  of  the  case.  Instantly  this  contact  piece 
moves  back  close  to  the  surface  of  the  case  again,  and  the  switch 
is  quickly  pulled  back  by  its  spring.     As  soon  as   it  again 
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because  tlie  compensating  branches  al>sorb  the  energy  previous!)' 
expended  in  the  lamp  in  producing  light.  However,  as  the  number 
of  lights  accidentally  put  out  wouhJ  usually  represent  only  a 
•trifling  projx>rtion  of  the  total  in  use,  this  objection  is  not  serious. 
^Xesides,  in  cases  where  this  procedure  is  resorted  to,  expediency 
or  convenience  is  generally  a  more  important  consideration  than 
^s<x>nomy. 

I  THE   WESTOW  ARC   LAMP. 

In  1878  Edwar(^  Weston,  who  was  at  that  time  engaged  in 
*->ie  business  of  nickel  plating  in  New  Yorlc  City,  and  who 
^aanployed  dynamo -electric  machines  in  carrying  on  his  business, 
«::^onstructetl  a  machine  from  his  own  designs,  which  embodied 
"■^^■arious  improvements  over  other  machines  of  lliis  class  at  that 
"•r  ^me  in  the  market,  and  among  other  experiments  which  lie  con- 
«3ucted  witli  this  machine,  were  some  in  electric  arc  lighting. 
^^Ir.  Weston  continued  from  that  time  forward  to  build  dynamo- 
■*~:nachinea  in  greater  or  less  numbers  for  sa-Ie^  introducing  from 
"Ktime  to  time  many  important  improvements,  but  his  labors  in  this 
^r^anection  will  be  more  particularly  referred  to  in  another  part 
^z>i  this  work. 

The  arc-lighting  apparatus  used  in  Weston's  early  experi- 
"xnents  was  of  a  temporary  character,  the  carbons  being  mounted 
in  clamps  in  a  frame  and  adjusted  by  hand,  which  ser\'ed  the 
"purpose  well  enough,  as  the  object  of  tlie  experiments  at  that 
"time  was  more  jwirticularly  to  determine  the  capacity  of  the 
<lynamo-raachinesfor  this  service.  It  is  worthy  of  remark,  how- 
«ver,  that  even  in  these  early  experiments  in  1873  Weston  made 
use  of  electro- plated  copper-coated  carbons,  the  employment  of 
which  has  now  become  universal. 

The  practical  advantages  possessed  by  the  dynamo  machines 
of  Mr.  Weston  in  electroplating  and  other  industrial  applica- 
tions, soon  b<^n  to  attract  attention,  and  the  commercial  de- 
mand for  them  increased  to  such  an  extent  that,  in  1875,  he 
removed  to  Newark,  New  Jersey,  and  commenced  the  manu 
Picture  of  the  machines,  a  business  which  he  carried  on  until 
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1877,  when  a  corporation  vaa  orgaaized,  under  {ine  name  of  the 
WartOB  Djnamo-Electlic  Macbinc  Company^  for  oootiauing  the 
bturincM.  DtiriDg  the  years  1875  and  1870  Ifh  Weston  expen- 
io«Dt«d  olmcwi  oontiauooBlv  with  electric-an:  lamps,  and  con- 
Mtructed  a  number  of  different  fonna,  mo^t  uf  which  were  esBOi* 
tiaUy  roodi^catiooB  of  typical  forms  well  kitowu  at  that  dat& 
Blaotro- plated  carbona  were  employed  in  many  of  these  ex|jeri- 
menta  and  continuously  afterthe- spring  of  1876. 

The  Centennial  Exhibition  in  Philadelphia,  in  1876,  served  to 
direct  the  attention  of  electricians  fargely  to  tlie  developineut  of 
arc  nygtems  of  lighting,  and  in  conBcqnenoe  ot  tliia,  durinj^  ilie 
latter  part  of  1876  and  the  early  part  of  1877,  Weston  built  a 
number  of  dynamo* machines  especially  adapted  for  lighting  par- 
]xi3ea  While  thus  engaged,  his  attention  became  directed  to 
the  improvement  of  the  aro-lamp,  which  up  to  tbattinie  had  not 
■ucccMfiilly  been  operated  when  more  than  one  was  included 
in  the  same  circuit  Early  in  1877  he  commenced  a  course  of 
cxpcrirmnila  in  o[)eraling  a  number  of  lighUf  in  scries  An 
oxarniiuition  of  the  conditions  of  the  problem  showed  that  in 
order  to  accomplish  this  successfully  it  was  neooasary  to  increase 
the  electromotive  force  of  tfie  current  in  proportion  to  the  num- 
ber of  lamps  in  circuit,  and  this  in  turn  rendered  it  desirable  Uiat 
the  length  and  consequent  resistance  of  each  arc  should  be 
reduced  as  far  as  possible,  ami  the  cross-section  of  the  carboocs 
also  diminished.  It  was  also  {lerceived  to  be  essential  that  tho 
difterent  arcs  should  be  as  uniform  as  poasible.  In  Weston's 
llrat  experiments,  he  attempted  to  maintain  the  arc  of  each  lamp 
nt  a  fixed  length  by  mechanical  means,  but  after  protract**! 
experimentation,  the  difficulties  attending  this  motlo  of  regula- 
tion wore  found  to  bo  practically  insupcmble,  and  he  accordingly 
turned  his  attention  to  the  more  promising  method  of  antoraatic 
rogulation  by  the  force  of  the  lighting  current  itself.  Experi- 
ments made  in  this  direction  were  much  more  sueceesfuL  It 
wart  found  th;it  lamjw  properly  adjusteil  would  burn  with  great 
uniformity  for  a  time,  until  some  one  carbon  was  automatically 
(t'd  forwani.  when  the  sudden  increase  in  the  strength  of  cor- 
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rant  arising  therefrom  would  give  rise  to  disturbances  in  the 
other  lamps,  aud  these  in  turn  would  react  upon  the  circuit,  so 
that  all  the  lamps  were  rendered  unsteady  and  llickering,  and 
in  some  cases  entirely  extinguished.  It  therefore  became  a 
desideratum  to  devise  some  means  of  readjusting  oil  the  lamps 
simullJincottsly  at  staled  intervals,  by  liberating  all  the  movable 
carbcras  in  the  dificrent  lamps  to  the  uncontrolle<l  action  of 
gravity  or  other  constant  force.  An  apparatus  was  designed,  by 
which  a  xuechanical  rhoatome,  at  stated  intervals,  suddenly 
introduced  into  the  lamp  circuit,  for  a  moment  only,  a  resistance 
sulficient  to  weaken  the  current,  and  cause  all  the  ]&mp»  to 
simultaneously  dnjp  their  carbons  to  the  initial  point,  when  they 
were  immediately  readjusted  by  the  normal  action  of  their  re- 
spective regulating  magneto. 

The  first  series  of  lamps,  five  in  number,  embodying  the  above 
described  principles  of  regulation,  was  put  in  operation  in  1878, 
and  was  for  a  time  employed  for  lighting  a  manufacturing  estab- 
lisliment  in  Newark.  This  organization,  although  quite  satisfac- 
Qry  so  far  as  the  performance  of  the  lamps  themselves  was 
sncerned,  was  open  to  very  serious  objection  in  a  commercial 
sense,  on  the  score  of  uimeccssary  waste  of  energy.  In  conse- 
quence of  the  varying  load  or  mechanical  resistance,  and  the 
suddenness  of  the  changes,  the  strain  on  the  dynamo  machine  and 
its  driving  engine  was  very  severe.  It  should  be  mentioned  that 
the  difTcrcntial  principle  of  regulation  by  means  of  a  magnet 
placed  in  a  shunt  spanning  the  arc,  which  is  now  in  almost  uni- 
VDZBol  use  in  arc-lighting  systems,  was  employed  in  this  applica- 
tion, and  in  fact  hiinps  embodying  this  jmnciple  were  in  actual 
praotical  operation  in  Weston's  factory  as  early  as  September  or 
ctober,  1877. 

Another  method  of  regulation  was  tried  in  1878,  which  con- 
rasted  simply  of  a  ^wrmanont  shunt  around  the  arc^  in  which 
shunt  a  resistance  was  inserted.  This  was  tried  tu  actual  service, 
and  a  series  of  four  lamps  was  operated  fop  some  time  with  very 
fair  results,  but  inasmuch  as  the  entire  current  which  passed 
through  the  shunt  was  diverted  from  the  are,  no  inconsiderable 
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|x>riion  of  the  total  energy  was  actually  wasted,  so  far  as  its  il- 
luminating effects  were  concerned,  and  heuce  the  results  were  far 
from  economical. 

The  next  improvement  made  by  Mr.  Weston  was  during  the 
year  1879,  and  consisted  of  an  oi^unizattun  in  wbich  an  inde- 
pendent regulating  magnet  was  placed  in  a  shunt  circuit  spanning 
the  arc. 
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T,  is  securetl  to  its  carbon-holder,  K,  hy  means  of  a  clamp,  r,  to 
wbich  Ihe  electric  current  is  brought  by  a  flexible  conductor,  ta 
shown  in  the  figure.  In  this,  n»  in  innst  other  lanifis  of  motlem 
construction,  the  lower  carbon  is  stationary,  while  the  upper  one 
19  fed  downward  by  means  of  the  regulating  merhanUm  as  fast 
as  consumption  takes  place.  The  reguhiting  mi^'liiinism  con- 
tained within  the  cylindrical  case  W,  is  shown  in  perspective 
in  figure  287,  ami  in  vertical  transverse  section  in  figure  2881  A 
is  the  electro-magnet  which  supports  and  moves  the  upper  car- 
bon electrode.  Its  coils  are  composed  of  m  comi>aratavely  few 
oonvohitions  of  thick  wire.  This  magnet  is  included  in  the 
main  circuit  which  passes  through  the  carbons  and  the  arc.  B  B 
isa  second  electro  magnet,  the  coils  of  which  are  composed  o(  a 
large  number  of  convolutions  of  thin  wire^  This  magnet  is 
placed  in  a  shunt  circuit  spanning  the  arc^  and  the  two  areoT' 
ranged  to  act  in  opposite  directions,  or  differentially,  upon  a 
common  armature. 

The  el octn>- magnets  and  their  common  armature  are  in  this 
lamp  of  a  peculiar  construction,  which  is  designed  to  combine 
the  advantages  of  the  axial  magnet  or  solenoid  with  these  of  the 
ordinary  eleotro-magneti  and,  at  the  sjime  time,  to  avoid  the  in- 
conveniences of  each.  The  advantage  of  the  solenoid  over  the 
ordinary  electro- magnet  consists  in  the  greater  range  of  move- 
ment which  it  is  pos.*iiV»le  to  give  the  moving  core  or  armature 
under  the  influence  of  electric  currents  of  given  strength.  Its 
disadvantJige  consists  in  the  fact  that  a  much  larger  coil  and  a  cor- 
respondingly greater  cont5umj<tion  of  electrical  energy  is  required 
to  pro<luce  a  given  meciianical  effect  The  converse  of  this  is 
true  of  ordinary  electromagnet  and  armature,  in  which  a  given 
met:lianic:il  force  is  jjroduccd  by  a  more  moderate  expen- 
diture of  electricjil  energj',  but  at  the  same  time  the  effective 
range  of  movement  of  the  armature  is  comparatively  small.  In 
an  electric  arc  lamp  it  is  desirable  that  the  magnetic  force,  acting 
in  a  direction  opposite  to  that  of  gravity,  siirmld  bo  as  nearly  as 
(>OrtKible  uniform  throughout  the  entire  range  of  tlie  mo\'ei»eni 
of  tlic  up{>er  carbon  electrode,  and  this  condition  is  tnoru  nearly 
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nliiUed  by  the  use  of  solenoid  than  by  the  use  of  the  ordinary 
electro-magnet  and  armature.  In  tliis  lamp  the  cores  of  ttie 
ilectro-magnet  are  tubular,  as  shown  in  figure  288,  and  eylin- 
rical  projections  of  soft  iron,  a  a  and  b  6,  are  nltnched  to  the  ar- 
aturCt  which  enter  into  the  central  oixuning  of  the  tubular 
Imt  without  touching  them.  The  result  prcHluced  by  this 
izatiou  is  that  the  intensity  of  the  magnetic  field  inctx^ases 
very  slowly  as  the  armature  moves  toward  the  poles  of  the 
magnet:  and  in  cori9C<jucnce  of  the  armature  being  thuit  nioved 
thruiigh  a  nearly  uniform  field,  the  attractive  force  increases;  but 
impamtively  little  in  proportioD  to  the  distance  which  the  ar- 
atnre  moves;  the  eflfect  being  subslautially  the  same  as  if  the 
mature  of  an  electromagnet  were  made  to  appi-uach  its  {x>lcs 
t  a  very  oblique  angle.  This  organization  acts  upon  a  principle 
tially  different  from  that  of  the  solenoid,  inasmuch  as  the 
able  armature  when  it  commences  to  move  toward  the 
bulnr  core  is  wholly  without  the^oil,  while  in  the  ease  of  the 
oid  the  core  occupies  more  than  one-half  of  the  length  of 
opening  within  tlie  coil  when  in  ^ts  normal  jiosilion  of  rest 
The  action  of  the  electromagnet  and  armature  are  the  same  as  in 
iho  ordinary  construction,  except  that  the  magnetic  force  in- 
creases at  a  less  rapid  rate  as  the  armature  advances.  Hence  two 
impoitant  practical  advantages  are  gained  by  the  employment 
of  this  organization  instead  of  the  solenoid  and  core.  First,  the 
coil  is  very  much  smaller  and  offers  much  less  resistance  to  the 
current,  thereby  effecting  a  material  economy  iu  llie  consump- 
tion of  electric  energy,  and  the  weight  or  inertia  of  the  armature 
is  far  less  than  that  of  the  solenoid  core,  by  reason  of  which  its 
movements  iire  more  easily  controlled.  Second,  the  field  through 
which  the  armature  moves  is  more  uniform  than  that  through 
whicli  the  core  of  the  solenoid  moves  ;  and  hence  in  the  opera- 
tion of  the  lamp  the  e<}uilibrinm  between  gravity  and  the  an- 
tagonistic magnetic  force  is  more  easily  maintained. 

The  main  electro- magnet  A  A  is  provided  with  an  adjusting 
nut  S,  and  screw  e,  by  which  its  distance  from  the  armature  may 
be  r^ulated,  and  the  magnet  B  B  is  provided  with  a  similar  de- 
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vice,  S',  fortlie  same  purpose.  The  intermediate  armature,  which 
is  common  to  both  magnets,  is  attached  to  a  lever,  D,  seea  in 
figure  287,  which  lever  is  pivoted  behind  the  magnet,  and  is 
connected  by  a  jointed  link  to  tlie  clutch  C,  which  grasps  the 
carbon  holder  or  r4)*l  R  P  is  a  da.sh-i>ot,  consisting  of  a  cylinder 
filled  with  glycerine,  having  a  piston  moving  loosely  within  it, 
which  piston  is  also  jointed  to  the  lever  D.  This  device  serves 
to  prevent  sudden  motions  of  the  carbon.  A  tens  ion-regulating 
spring  V  is  attached  to  the  same  lever.  The  operation  of  the 
regulating  appaniius  of  tliis  lamp  is  as  follows:  When  no  cur- 
rent is  passing  through  the  lamp,  the  upper  carbon  rests  directly 
u])ou  the  lower  one,  but  when  a  sufficiently  powerful  current  is 
sent  tliRmgh  the  carbons,  it  traverses  also  the  electro-magnet  A  A, 
whereupon  the  amaature  is  raised,  causing  the  clutch  C  to  grasp 
the  rod  R  and  lift  it,  thus  separating  the  carbons  and  establish- 
ing the  arc.  The  resistance  now  interjwsed  by  the  arc  causes  a 
jK>rtion  of  the  current  tn  traveme  the  electro-magnet  B  B,  which, 
08  we  have  before  explained,  is  placed  in  a  shunt  circuit  span- 
ning the  arc.  It  results  from  this,  that  tlie  longer  the  arc  and 
the  greater  its  resistance,  tlie  stronger  is  the  attraction  of  the 
electro- magnet  B,  in  the  shunt  circuit,  and  the  weaker  is  ibat  of 
the  electro  magnet  A,  in  the  main  or  arc  circuit  It  follows, 
tlierefore,  that  as  the  arc  lengthens  by  the  burning  away  of  the 
carbons,  the  attraction  of  the  former  at  length  over|>owers  that 
of  the  latter,  and  the  armature  descends,  releasing  the  datch  C 
from  the  carbon-holder  and  allowing  the  upper  carbon  to  fall  by 
the  action  of  gravity  until  the  arc  is  shortened  sufficiently  to 
cause  the  attraction  of  the  upper  electro- mngnet  A  to  again  pre- 
ponderate, when  the  first  described  operation  is  again  repeated. 
Thus  when  the  lamp  is  in  operation  the  upper  carbon  is  at  ail 
times  delicately  balanced  between  two  opposing  forces  and  is 
fed  forward  by  an  almost  imjierceptible  intermittent  advance 
movement,  recurring  at  frequent  and  tolerably  regular  intervals. 
A  very  large  number  of  the  above  described  lamps  were  made 
by  the  Weston  Dynamo-Electric  Machine  Company,  and  put  in 
commercial  use  in  various  parts  of  the  country.     It  may  be  said 
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tliat  in  principle  this  lamp  is  everything  that  could  be  desired. 
A  practical  objection  Ui  iu  extended  use  was  found  in  the  great 
tccuracy  of  workmansliip  required  to  insure  its  proper  perform- 
ince  Even  at  that  comparatively  recent  date  the  manufac- 
taring  facilities  for  this  class  of  work  were  not  by  any  means  so 
complete  as  they  liave  since  become,  an<l  it  was  largely  in  con- 
sequence of  these  difficulties  of  naanufacture  that  Mr.  Weston 
was  led  to  devise  a  new  and  more  simple,  and  perhaps  more 
practical  form,  which  was  first  put  on  the  market  in  1880.  In 
respect  to  its  principle  of  operation,  and  its  practical  perform- 
ance, other  things  being  equal,  the  new  lamp  presents  no  spe- 
cial advantage  over  the  old  one ;  but  the  simplicity  of  its  design 
aod  the  ease  with  which  its  mechanism  may  be  constructed  with 
interchangeable  parts,  has  led  to  its  very  extensive  use. 

The  mechanism  of  this  lamp  is  so  arranged  that  it  fits  into 
^he  same  frame  as  the  one  previously  described,  and  therefore 
figure  286  will  serve  equally  well  to  represent  its  external  ap- 
P*^rancc.    In  many  cases  it  is  desirable,  as  for  instance  in  light- 
^S  pnbiic  streets,  squares,  milwuy  stations,  and  ibe  like,  that 
J'**'^  lamps  should  be  capable  of  burning  continuously  15  or  16 
'^^t's.     In  this  case  a  construction   termed  the  duplex  lamp  is 
^'^ployed,  which  comprises  two  independent  sets  of  carbons  and 
^^t>on -holders,  the  second  set  of  carbons  being  automatically 
*''^Ught  into  action  after  the  first  set  has  been  consumed.     The 
^*^e  controlling  and  regulating  mechanism  serves  for  both  car- 
ina.    Figure  289  shows  the  external  appearance  of  the  duplex 
^^p,  while  in  figure  290  tlie  same  lamp  is  shown,   mounted 
^t>on  an  iron  post  and  fitted  with  a  hood  and  rellector,  as  used 
^^  lighting  streets  and  public  places  generally.      The  internal 
Mechanism  of  the  duplex  lamp  is  substantially  the  same  as  that 
^I  the  single  lamp,  with  the  addition  of  certain  devices  for  shift- 
ing the  action  of  the  regulator  from  one  carbon-holder  to  the 
other,  when  necessary,  and  hence  it  will  be  more  convenient  to 
describe  this  lamp  in  its  duplex  form  in  connection  with  the 
shifting  mechanism.  Figures  291  and  292  are  \new9  in  elevation 
of  the  regulating  mechanism  of  the  duplex  lamp  taken  from  op- 
posite sides,  and  figure  293  is  a  plan  view  of  the  same. 
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c>rth  i>ole,  is  situated  in  the  same  vertical  plane  witk  the  axis 
t  the  south  pole  tlirectly  beneath  it 

The  armature  D'  is  of  rectangular  cross-section,  its  breadth 
►eing  the  same,  or  nearly  the  same,  as  the  diameter  of  tlie  poles 
'f  the  electro-magnet,  while  its  length  is  equal  to  the  distance 


between  the  centres  of  the  poles,  plus  twice  their  radius, 
armature  D'  is  supported  longitudinally  in  a  vertical  plac 
allel  to  a  plane  passing  through  the  faces  of  the  [kiIps,  and  t 
near  to,  but  not  touching  tliero.     The  normal  ix»ition  is  she 
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in  the  drawings,  its  lower  end  being  a  considerable  diatfl 
below  the  south  or  lower  pole  of  the  electro-raagnet  P  D,  w 
its  upper  end  is  very  nearly  in  the  same  horizontal  plane  ^ 
the  lowest  point  of  the  periphery  of  the  north  or  upper  j 
The  armature  D'  is  supported  by  two  flexible  bare,  strap 
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spntigs  cc,  one  of  wliicU  is  secured  to  tlie  top  and  the  olhor  to 
the  bottom  thereof,  whilo  the  opposite  ends  of  the  8ame  are 
fixed  to  a  stationary  bracket  or  support  B  upon  the  frame  A. 
The  action  of  this  electromagnet  upon  its  armature  is  as  fol- 
lows: When  an  electric  current  traversea  the  helices  or  coils  D 
D,  the  soft  iron  within  them  becomes  a  magnet,  the  armature  D 
at  the  same  time  becomes  magnetic  mainly  by  the  induolive 
action  of    the  lowermost   or   sootli    pole,   and  owing  to   the 
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fig.  293. 

FlMsition  of  tbe  south  pole  with  reference  to  it,  it  l>eing  nearly 
opposite  the  middle  of  the  length  of  llie  armature,  the  latter 
becomes  a  magii«t  having  three  poles,  viz. :  a  south  pole  at 
each  end,  and  a  north  pole  at  or  near  it**  middle.  Inasmuch 
as  by  the  law  of  magnetic  action  unlike  poles  attract  each 
other,  the  upper  ]K)le  of  the  annalure  is  drawn  toward  the  upper 
polo  of  the  electro- magnet     This  force  is  exerted  in  a  direction 


4S1 


THE   ELECTRIC   LIGHT. 


parallel  to  a  lino  drawn  from  ihc  poles  of  the  magnei  to  tne  pole 
of  tlie  armature;  thai  is  tu  Hav,  in  a  direction  more  nearly  par- 
allel to  a  line  joining  the  pules  of  the  magnet  than  to  a 
line  pcrpendieuliir  thereUx  The  flexible  bars  or  springs,  «e, 
permit  the  armature  D'  to  move  freely  in  the  direction  of  ila 
length  within  tlie  limits  of  distance  necessary  for  the  opcraticra 
of  the  lamp,  while  at  the  same  time  they  prevent  ii  from 
approaching  more  nearly  to  the  poles  of  the  magnet  Thus  the 
armature  is  freo  to  respond  to  the  action  of  the  verticid  compo- 
nent of  the  magnetic  force,  but  not  to  that  of  its  horizontal  com- 
ponent Hence  the  resultant  motion  is  nearly  parallel  to  a  line 
joining  the  poles  of  the  cloctrf> magnet,  although  it  is  in  fact  an 
arc  of  a  circle,  the  centre  of  which  is  approximately  coincident 
with  the  point  of  attacliment  of  the  flexible  bar  e  to  the  frame  at 
B.  The  manner  in  which  the  armature  is  mounted  upon  the 
springs  ce  with  reference  to  the  vertical  position  of  the  electro- 
magnet, has  the  eHect  of  causing  a  gradual  increase  in  the  hori- 
zontal distance  between  the  respective  poles  of  the  armature 
and  the  magnet  in  the  i-atio  of  the  diminution  of  the  vertical 
distance  between  tliem  as  the  armature  moves,  and  hence  this 
manner  of  mounting  the  armature  and  controlling  its  movement 
with  reference  to  the  electro -magnet  causes  the  action  of  the  lat- 
ter upon  the  former  to  be  very  nearly  uniform  thruughout  a 
considerable  range  of  movement 

When  the  lamp  is  in  operation,  the  movabte  upjier  carbon  is 
acted  upon  simultaneously  hy  two  antagonistic  forces,  viz.: 
gravity,  tending  to  pull  it  down,  and  thus  bring  it  nearer  the 
lower  carbon,  and  magnetism,  tending  to  draw  it  up,  and  thus 
separate  it  from  the  lower  carhKin.  The  theory  of  tho  operation 
is  this:  When  tho  arc  is  at  its  normal  length,  the  two  opposing 
forces  are  in  equilibrium  and  the  movable  carbon  remains  at 
rest  When  the  carbons  bum  away  the  length  and  rcsistanoe 
of  the  arc  is  increased,  the  magnetic  force  is  correspondingly 
diminished,  gravity  prcixiuderates  and  tlie  carbon  desceoda 
When  the  arc  ib  too  short,  or  when  tho  carbons  are  In  contact, 
OS  at  the  lirat  starting  of  the  lamp,  maguetisiu  preponderatea,  and 
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t"h©  earljon  oscetuls.     Inasmuch  as  j^vily  is  constantly  exerting 
a  \iniform  force  ujxju  the  carbon  throughout  the  entire  range  of 
its  movement,  it  is  apparent  that  the  adjustment  will  be  more 
€:asilyeilect€d  if  the  antagonistic  force  ia  also  constant  through- 
out the  entire  range  of  intn'emcnt  of  the  carbou.     T}ie  nieclian- 
ism  by  which  motion  ia  communicated  from  the  armature  to  the 
*^arlx>ii-hol(ler  ia  substantially  the  same  in  this  lamp  as  in  the 
One  previously  descril>e(l.     The  same  m<;<!iianism  is  employed 
lor    controlling  the   feeding  of  both  sets  of  carbons.     It  com- 
prises an  electro-magnet,  D  D,  diSerentially  wound  with   two 
uelic?^  one  of  thick  wire,  and  fow  convolutions  included  in  the 
^<=  oircuiti  !ind  the  (ttlier  of  thin  wire  and  many  convolutions 
*|*  a  derived  circuit  or  shunt,  having  a  comparatively  high  re- 
ststaTii-P^  so  as  to  adapt  the  lamp  for  use  in  series.     A  link,  d, 
^^•^nccla  the  armature  D'  with  the  lever  E'.  in  which  an  eye  ia 
'oj-rn^   jygj^  large  enough  to  permit  the   carbon-holder  K'  to 
*l^*<le    frtxjly  through  when  it  is  precisely  ut  right  angles  thereto 
VfiOfe   figures  62  and  63).     The  mechanical  action  of  this  device 
***    ^ike  thai  of  the  well-known   ring  clutch.     The  tail  of  the 
^^^r  E'  carries  an  adjustable  screw  e',  which  rests  upon  a  wedge- 
^^**pcd  slide  h\  which  is  carried  by  a  horizontally  movable  shift- 
^^S  lever  C  as  hereinafter  described.     P  is  a  dash-pot,  the  oper- 
^t.ion  or  function  of  which  has  already  been  explained.     Thus 
^*^tn  the  preceding  description  it  will  be  understood  that  when 
^»ie  lever  E'  is  tilled  by  the  rising  of  the  armature  D',  the  clutch 
^*  thrown  inUt  an  angular  position  and  grasps  and  lifts  the  car- 
bon-carrier R'.      As   the  carbon   burns  away,   the   armature, 
*^»Utch  and  carbou  carrier  descend  together,  until  the  screw*, 
strikes  upon  the  slide  h\  by  which  the  clutch  ia  tripped,  thua 
blowing  the  carbon-carrier  and  carbon  to  drop  the  necessary 
<3i8tance  to  effect  the  operation  of  feeding.     The  lamp  thus  feeds 
by  an  intermittent  advance   movement,  which  under  ordinary 
Oooditions  is  about  ^  of  an  inch  at  each  step. 
It  now  remains  to  describe  the  mechanism  by  which  the  second 
I  pair  of  carbons  is  substituted  after  the  lirst  pair  has  been  con- 
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The  lower  terminal  of  the  thick  wire  helix,  D  D,  is  eleclricailly 
connected  with  Imth  of  tlje  movable  up]>er  carbon  carriers,  and 
the  electric  carrent^  as  well  as  the  feeding  raeohanism,  are  shifted 
simultaueoualy,  at  the  proper  moment,  to  the  second  set  of  cac- 
bona,  by  the  action  of  an  indopemlenl  shifting  magnet  M  (6guFes 
291  and  293),  which  is  included  in  a  second  derivetl  circuit  of 
high  resistance  between  the  terminals  of  the  lamp^  The  shifting 
lever  C  carries  the  wedge  shaped  slides  k'  h\  which  are  inserted 
under  the  end  of  one  clutch  or  the  other,  according  to  Ihc  [K»i- 
tion  of  the  lever^  so  as  to  trip  the  proper  clutch  and  prevent  it 
from  engaging  with  its  rod. 


FSg.  S94. 


While  the  first  set  of  carbons  is  burning,  the  circuit  through 
the  shifting  magnet  H  is  0(}eu;  the  upper  corboa  H'  of  the 
second  set  being  held  up  by  the  latch  L,  which  engages  with  a 
flange  N,  upon  tlie  carbon  carrier,  and  the  shifliug  lever  0,  is 
locked  by  a  detent  (7  (figure  291),  in  the  proper  position  to  leave 
the  first  clutch  free  and  trip  the  second.  When  the  first  set  of 
carbons  has  been  consumed,  the  derived  circuit  of  llie  electro- 
magnet M  is  completed  by  a  collar,  H,  on  the  upper  rod  K, 
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oomiog  in  contact  with  an  insulating  ring  K,  to  which  the  mag- 
net wire  W  is  attached.  The  shifting  magnet  then  attracts  its 
armature  G,  and  thereby  lifts  the  detent  ff  from  the  shifting 
lever,  allowing  it  to  swing  over  under  the  stress  of  the  spring  s 
(figure  293),  thus  reversing  the  position  of  the  slides  under  tha 
clutches,  and  releasing  the  upper  carbon  of  the  second  set  by 
the  withdrawal  of  the  latch  L.  As  the  upper  carbon  R  of  the 
first  set  remains  supported  out  of  contact  with  its  lower  carbon 
by  the  stop  e",  the  current  is  diverted  to  the  second  set  of  car- 
bons the  instant  that  they  come  into  contact,  and  the  feeding 
magnet  thereafter  works  the  second  clutch  instead  of  the  first 
This  substitution  is  effected  so  quickly  as  to  cause  scarcely  a 
perceptible  flicker  in  the  light. 

The  sensitivene-s  and  cerlainty  of  o[H;ration  which  have  been 
found  in  practice  lo  cbaraclerizo  the  action  of  the  feeding  me- 
chanism which  has  just  been  described,  are  largely  due  to  the 
peculiar  arrangement  of  the  armature  of  the  electro- magnet  D, 
which  hSs  already  been  explaine<l,  and  t»j  the  construction  and 
proportions  of  the  clutch.  It  will  Ije  observed  that  the  clutch 
is  provided  with  a  long  tail-piece,  as  the  lever  E  E'  may  be 
termed,  and  the  point  of  contact  of  the  clutch  with  the  floor  of 
the  lamp  is  at  the  extreme  end  of  the  tail  piece.  This  gives  the 
detaching  point  of  the  clutch  a  great  mechanical  advantage  over 
the  lifting  point,  and  consequently  it  requires  but  a  minimum  of 
foroe  to  detach  the  clutch  from  the  rod  and  allow  the  latter 
to  feed.  Of  course  the  sensitiveness  of  the  feeding  mechan- 
ism in  the  lamp  depends  in  practice  largely  upon  the  amount  of 
force  which  is  necessary  to  lock  and  unluck  the  feeding  mechan- 
ism, because  this  force  is  derived  solely  from  \'anations  in  the 
strength  of  the  lighting  current,  due  to  fluctuations  in  the  length 
of  theara 

Figure  294  ja  a  ]ierspective  view  of  the  mechanism  of  the 
single  lamp  which  shows  the  ciit-out  or  short-circuiting  devices, 
by  which  the  lamp  may  be  instantly  switched  out  of  circuit 
when  it  is  desired  to  replace  the  consumed  carbons  or  to  per- 
form any  other  necessary  operation  upon  it 


More  recently,  Mr.  Weston  devised  a  new  fonn  of 
tng  appontoa.  in  which  the  feeding  of  the  carhooa  is  oootrall 
b/  a  brake- wheel,   to  the  axis  of  which  the  upper  oaibi 
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linked  to  a  horizontal  oscillating  lever  K.  The  hollow  hel- 
ices or  solenoids  F  and  B,  of  peAliar  construction,  which  will 
presently  be  described,  serve  to  control  the  position  of  the  os- 
cillating lever  K.  One  of  these  solenoids  is  included  in  the 
main  or  arc  circuit,  and  the  other  in  a  derived  circuit  or  shunt 
spanning  the  ara  The  movable  cores  or  armatures  of  these 
solenoids,  as  shown  at  F',  are  attached  to  the  respective  ends  of 
the  lever  K,  by  flexible  metallic  straps,  /  and  i.  The  brake- 
wheel  W  is  held  in  check  by  a  friction  brake,  A,  which  is 
pivoted  to  the  lever  M,  just  outside  of  the  periphery  of  the 
wheel,  and  has  a  short  arm  at  the  right,  to  which  a  lifting 
link,  a,  is  attached  at  a'.  It  is  also  provided  with  a  long  tail- 
piece, L,  extending  over  and  resting  upon  a  stationary  pr()jec- 
tion  from  the  frame  of  the  lamp  at  n'.  The  construction  of 
the  solenoids  is  shown  at  the  left,  in  figure  297,  where  the  ex- 
ternal iron  shell  and  part  of  the  coil  are  cut  away  to  show 
the  interior  construction.  It  will  be  seen  that  the  solenoid 
incloses  a  movable  iron  core,  and  in  addition  an  iron. shell  is 
attached  thereto  surrounding  the  coil,  it  being  made  in  one  piece 
with  the  core.  Mr.  Weston  has  found  that  with  a  solenoid 
constructed  in  this  manner  an  extremely  long  range  of  move- 
ment may  be  obtained  with  very  uniform  power.  Experience 
also'shows  that  this  solenoid  is  nearly  as  powerful  as  an  ordinary 
bi-branched  electro-magnet,  having  twice  the  amount  of  wire 
upon  it.  The  disadvantage  of  the  ordinary  solenoid  is  in  its 
great  size  in  proportion  to  the  effective  foi-ce  which  it  is  capable 
of  exerting. 

Tlie  operation  of  this  apparatus  is  as  follows:  Assuming  the 
lamp  to  be  at  re?t,  with  the  upper  carbon  in  conthct  with  and 
resting  upon  the  lower  one  ;  upon  first  applying  the  current  the 
attractive  force  of  tlie  solenoid  F  will  preponderate  and  draw 
down  its  end  of  the  oscillating  lever  K.  This  movement  raises 
the  brake  A,  and  as  soon  as  its  tail-piece,  1,  is  raised  sufficiently 
to  lift  it  from  the  stop  ?/,  lcx;ks  it  upon  the  wheel.  Any  further 
movement  of  the  oscillating  lever  K  earrie-i  up  the  lever  M  and 
turns  the  wheel  W  with  it,  whereby  the  carbons  are  separated 
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ftnd  the  am  is  formml.  As  tbo  arc  increases  in  length  the  forue 
of  the  solenoid  F  weakens,  while  on  the  oibcr  hand  that  of  the 
solenoid  B  continually  increases,  so  that  a  condition  of  equiUb- 
rium  ia  soon  reached  in  which  the  end  of  the  lever  L  rests  upou 
the  stop  with  jvist  sufficient  force  to  slacken  the  brake  and 
allow  the  wheel  to  revolve.  The  slightest  decrease  in  the  lengtli 
of  the  arc  will  immediately  set  the  brake,  while  on  the  other 
hand  the  slightest  increase  will  release  it  It  will  be  observed 
that  the  brake  is  so  arranged  with  reference  to  the  wheel  that 
the  weight  of  the  carbon  and  its  carrier  tends  to  apply  the  brake 
when  its  detaching  lever  is  lifted  from  the  stop.  Its  grip  on  the 
wheel  is  therefore  very  positive;  but  the  wheel  being  of  large 
diameter,  and  the  detaching  ixiint  of  the  brake  lever  having 
great  leverage  over  the  brake,  the  device  works  with  the 
utmost  mechanical  delicacy.  The  feeding,  under  ordinnry  con- 
ditJonSf  is  so  nearly  oontinuoiu;  that  it  is  impossible  to  detect  the 
movement  by  the  eye. 

One  of  the  most  recent,  as  well  as  the  most  efficient  of  the 
different  forms  of  arc  lamps  which  ilr.  Weston  has  invented  is 
shown  in  perspective  in  figure  299.  The  principal  object  in 
view  in  this  particular  oi^anization  is  to  simplify  and  clica|>eu 
the  construction  of  the  working  parts  of  lamp,  and  lo  provide 
for  a  greater  range  of  movement  of  the  armature  and  its  attach- 

Pments.     The  casing  and  frame  of  this  lamp  are  the  same  as  that 
of  the  one  last  described     The  regulating  or  feed  mechanism  is 
'        mounted  ujxm  a  metallic  plate  or  base,  which  is  secured  to  the 

! under  side  of  a  wooden  base-board,  as  illustrated  in  the  figure. 
Two  electro-miiguL-ts  are  employed,  which  are  placed  parallel  to 
each  other  in  a  horizontal  ix^ititioii,  one  of  them  being  included 
in  the  main  or  arc  circuit,  and  the  other  in  a  shunt  or  derived 
circuit  spanning  the  ai*e.  Each  magnet  ia  provided  with  an 
Armature  mounted  so  ns  to  lie  in  a  direction  parallel  to  the  axis 
of  its  own  magnet  These  two  armatures  are  rigidly  attached 
to  a  common  rock-shaft,  in  such  a  position  that  the  preponder- 
ance of  the  magnetie  attraction  of  one  magnet  over  the  other 
exerts  a  twisting  effect  upon  the  rock -shaft,  and  thus  causes  the 
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^>^  <jonncction  with  this  lamp;  the  particular  one  illustrated  in 
^S^re  299  will,  however,  be  described  in  detail  in  connection 
'*'''■  i  t:h  nnothcr  lamp. 

Tigures  800  and  SOI  illustrate  another  exceedingly  efficient 
Dp,  rIso  constructed  bj  Mr.  Weston.     In  the  first  named 


Kg.  300. 

figure  several  parts  are  ahown  in  perspective,  a  portion  of  the 
frame  being  broken  away  to  exhibit  the  mechanism  more  clearly. 
Referring  to  the  figures :  A  represents  the  thick  wire  coil  in  the 
arc  circuit,  and  B  the  thin  wire  opposing  or  differentia!  coil  in 
:he  shunt  circuit  These  coils  are  simple  solenoids  provided 
with  hollow  soft-iron  cores  a  nnrl  h,  which  move  fi*eely  within 
them,  being  maintained  iu  an  axial  position  by  guide  pins  CC. 
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Tho  extremities  of  a  liorizontal  oscillating  bar,  L,  project  into 
slots  formed  iu  tbese  cores  (see  figure  SOI),  and  this  bar  tunu 
upon  a  liorizontal  axis  at  P  (see  figure  300),  from  the  vicinity  of 
wliich  projects  an  arm,  </,  extending  to  the  piston  of  die  dash  pot 
D.  Anutbcr  similar  arm  carries  aa  adjustable  spriiigr,  S,  which 
serves  the  same  puqi'ise  as  tho  corresponding  spring  in  the 
other  forms  of  lamp  which  have  already  been  described  The' 
details  of  the  clutch  mechanism  will  bo  more  clearly  understood 
by  referring  also  to  figure  802,  which  U  an  enlarged  transverse 
vertical  section  of  the  same.  R  is  the  cylindrical  rod  which 
forms  the  carbon-carrier.  L  is  the  oscillating  lever  or  bar,  the 
ends  of  which  are  raised  and  lowered  by  the  cores  a  and  &,  as 


ni 


Fig,  301. 

shown  in  figure  300,  and  J  is  a  link  which  is  pivoted  to  the 
lever  L,  an-i  serves  to  operate  the  clutch.  The  latter  consists  of 
a  sleeve.  K,  which  is  capable  of  sliding  freely  ujxin  the  carbon- 
carrier  K,  but  has  a  projection  upon  one  sidcT  to  whichispivoUrd 
at  1,  a  cam,  I,  the  bearing  point  of  which  pubises  through  a  slot 
iu  the  sleeve  and  imj)inges  against  the  rod  R.  The  end  of  the 
cam  I  is  pivoted  at  t^  to  the  link  J,  from  which  its  motion  U  re- 
ceived, as  already  explained.  The  arm  H,  which  is  attached  to 
the  cam  I,  serves  to  prevent  the  same  from  descending  loo  fax, 
by  tripping  it,  or  causing  it  to  release  its  grasp  upon  coming  in 
contact  with  the  adjustable  rest  or  stop  shown  atrin  figure  302. 
The  operation  of  this  clutch  nf^Mlsbut  little «>xpliinntioD. 
the  link  J  is  raised,  the  carlwn-carricr  H  \a  grasjjod 
bearing  surface  of  the  cam  I  and  the  opposite 
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aleeve  K,  and  tho  carrier  is  lifted  with  the  cam.  When  the  link 
J  is  lowered,  the  cam  and  carboncarrier  descend  together  until 
tho  angular  position  of  tlie  cam  is  altered  by  the  ann  II  resting 
upon  the  stop  r,  which  trips  the  clutch  and  allows  the  carboO' 
carrier  to  descend  and  ciTect  the  oj>eration  of  feeding. 

FimiTC  SOS  shows  tlie  construction  of  the  autoTnatic  cut-out 
ori-linarily  used  with  tho  different  forms  of  Weston  lamjifl.  It  is 
A  mwlifictttion  of  the  so-called  Varlcy  cut-out,  and  comprises  an 
electro  mngnet  wbich  is  placed  in  the  same  circuit  with  the  arc, 


Fty.  302. 

the  armature  of  which  is  so  arranged  us  to  short-circuit  the  lamp, 
when  thti  armatnre  is  released  by  tho  magnet.  This  has  been 
arranged  in  a  very  compactand  convenient  form,  and  in  practice 
is  usually  attached  to  tho  supporting  baseboard  alx)ve  the  I&mp, 
Ai  shown  in  figures  295  and  296,  but  it  may  be  placed  within  the 
casing  which  protects  tlie  feeding  mechanism.  The  diagram 
■hows  dearly  the  electrical  connections.  The  main  coil  of  the 
electro- magnet  is  surrounded  with  a  few  convolutions  of  inrfu- 
lated  German  aiiverwireofgre:it«r  thickness,  wliiuh  are  included 
in  the  shunt  cireuiL  The  current  in  this  snjiplcmentary  coil 
flows  in  the  some  direction  as  in  the  main  coil,  and  the  object  in 
na  H  IB  to  cause  the  electro-magnet  to  act  more  quickly 
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jDature  is  lifted,  the  slintit  is  broken, and  the  entire  cur- 
{B  through  the  lamp,  'i'liis  form  of  cut-oat  has  beea 
iy  efficient  under  ordinary  circuxastanceSf  but  where  a 
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very  large  nmn!>erof  lamps  are  usefl  in  the  same  circuit,  anc 
form  of  cut-out,  shown  in  rig.  804,  is  used,  which  serves  as 
additional  precaution  tOj^uaM  against  exccBsiveelongatioD  of  tbt] 
aro. 

P  and  N,  fig.  804,  arc  insulated  conductors  leading  £roin  the' 
hindiug-posid  of  the  lump,  and  terminating  in  the  contact  sur- 
faces p  and  n  of  a  Ppring  switch,  located  a  short  distance  above 
the  arc^  as  shown  in  the  ligure.     Tliis  Bwitch,  when  left  free,  i> 
closed  by  the  action  of  a  spring,  but  is  normally  held  open  by  an^^ 
interjKJsed  plug,  a,  coni|>osod  of  a  fusible  alloy,  which  isirLserlcd 
iK'tween  the  jaws  of  llic  switch,  as  shown  in  the  detached  plan 
view  in  the  lower  part  of  the  figure.     The  switch  llins  arrangedj 
is  supported  near  the  upper  carbon,  but  at  a  sufficiont  distance^ 
alK>ve  the  ara  to  preclude  the  possibility  of  melting  the  fusible 
plug  while  the  nri)  renmina  of  normal  length.     As  iswrll  known, 
any  material  increase  in  the  length  of  the  arc  develojia  a  verj* 
great  increase  in  the  amount  of  heat  evolved.     In  case  this 
occuna,  the  fusible  phig  is  at  once  melted,  permitting  the  switcbj 
to  close  and  cut  the  lamp  out  before  the  arc  can  become  exces-i 
sively  long.     This  device  is  very  positive  and  certain  io   its 
action,  and  has  been  found  to  be  extremely  reliable.     It  is  easily 
readjusted  by  simply  replacing  the  fusible  plug.     It  is,  however, 
rarely  brouglit  into  action  in  practice,  as  accidents  to  the  feeding 
mechanism  seldom  occur  in  well  constructed  lBm|»s  and  Ttga'\ 
lators. 

A  special  form  of  electric  aro  lamp,  which  is  largely  employe 
on  steamboatson  the  Western  rivers,  ami  wliich  is  termed  afocos- 
ing  lamp,  is  shown  in  fig.  305.  This  lamp  is  fiiteil  with  a  powerful 
parabolic  reflector,  similar  to  that  used  with  the  headlight  of  a 
locomotive,  the  object  of  which  is  to  project  idl  the  ra^'s  of  ligli 
proceeding  from  the  lamp  in  a  direction  parallel  to  each  other 
so  OS  to  form  a  cylindrical  beam  of  light,  which  may  l)e  tbrov 
upon  any  require<l  s\m>%  even  at  a  considerable  distance.  In 
order  that  the  electric  arc  in  this  lamp  may  bo  mniniainod  in 
focus  of  the  reflector,  it  is  necessary  that  Ijoth  ihn  f"^^ 
negative  carbon  should  each  be  fed  forward  in  pr 
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Qormal  rate  of  oousamptioD,  the  positive  carbon   being  ood- 
Bumed,  roughly  speaking,  about  twice  03   fast  as   the    negm-  j 
tivc.      This  double  feeding  \s  c£foctcd  by  simple  mechanism,] 
whereby  the  mechanical   movement  of  the  Kgulator  is  com- 
municated to  both  carbon-holders  in  the  proper  relative  propor- 
tion. 

The  Weston  lamp  in  all  its  varied  forma  of  constmclion 
embodies  certain  essential  characteristics  which  disUuguish  it 
from  the  lamps  of  other  inventors.  Perhaps  the  most  important 
of  these  is  the  unusuul  shnrtnesa  of  the  electric  arc,  which  ia< 
somewhat  Jess  than  ^  of  an  inch,  when  the  lump  is  running'^ 
under  normal  or  average  conditions.  This  renders  it  possible 
to  emjdoy  an  electric  current  of  lower  potenUal  and  of 
volume  than  that  employed  in  other  systems  in  general  use: 
normal  current  of  the  Weston  system  is  about  20  amperes,  while 
in  most  other  systems  it  is  much  less  than  this,  being,  for  ex- 
ample, about  11  ampdrea  in  the  Brush  system  and  10  in  the 
Thomson -Houston  system.  In  both  the  }ast  namei]  S3nstema 
the  length  of  the  arc  is  nearly  |  of  an  inch,  or  four  timos  that 
of  the  Weston. 

Several  important  advantages  are  gained  by  the  employment 
of  an  electric  current  of  low  potential  One  of  the  greatest  of 
these  is,  that  danger  to  life  and  prDj>erty  is  avoided.  It  is  not^ 
known  that  any  person  has  ever  been  in  any  way  injured  by  thfl 
current  used  in  the  Weston  system,  although  instances  have ' 
curred  in  which  workmen  have  accidentally  introduced  them* 
selves  directly  into  the  circuit  of  a  60-Iight  machine  without  i 
rious  results,  under  conditions  which  in  the  case  of  most  other 
systems  would  have  been  instantly  fatal  Another  advantogo  a 
that  a  greater  amount  of  light  is  produced  j»or  horsG-power 
dynamic  energy  by  the  Weston  system  than  by  any  other  sys- 
lem  of  operating  lamps  in  series,  according  to  the  oflicial 
made  at  the  Paris  Exposition.  The  report  of  the  jurore 
the  following  results,  showing  the  amount  of  tight  to  Cft" 
horse-power,  by  several  different  systems  in  whid* 
lamps  were  operated  in  tlic  sume  circuit : 
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Weston  system,  10  lights^  65.S  carcels  per  horse  povrer. 

Qrainme        "          5  '*       fi3.W             "                   " 

Brush           "       40  *'      52. 1             "               -  " 

Siemens       "         5  "      61.5            '*                 « 

Brash  "       16      '*      45.4  "  " 

u  It       38       It      444  t<  u 

A  further  important  advantage  is  in  the  uolor  of  the  tighti 
the  difference  in  this  respect  between  the  lijjlit  from  a  long  arc 
and  that  from  a  ahort  one  being  of  a  marked  character.  Tiie 
excessive  proportion  of  blue  and  violet  rays  ia  tbe  long  arc  light 
impart  to  it  a  peculiar  color  which  is  often  exceedingly  disagree- 
able to  the  eye.  The  illuminating  effects  of  the  short  arc  are 
due  almost  entirely  to  tlieincandesceDccof  the  carbon  electrodes, 
fauid  the  color  closely  resembles  that  of  sunlight,  being  softer  and 
"inore  agreeable  to  the  eye,  an  especially  important  consideration 
when  the  light  is  to  be  used  for  interior  iliuniination.  The  fre- 
quent occurrence  of  small  particles  of  foreign  substances  in  the 
carbon,  which  produces  an  almost  constant  tremor  in  a  long  arc, 
does  not  perceptibly  affect  the  uniformity  of  light  from  a  short 
ara  The  only  disadvantage  of  the  short  are  system  is,  that 
somewhat  larger  line  conductors  or  mains  are  required  to  convey 
economically  the  greater  volume  of  current  which  it  is  necessary 
to  employ,  but  tliis  disadvantage  is  scarcely  worth  consideration 
in  view  of  the  important  results  above  mentioned,  and  which 
could  not  otherwise  be  obtained. 

The  great  suspension  bridge  between  Now  York  and  Brook- 
lyn affords  a  very  interesting  example  of  the  application  of  the 
Weston  system  of  lighting,  this  system  having  been  selected  by 
a  committee  of  the  Board  of  Trustees,  after  an  unusually 
thorough  investigation  of  the  whole  subject,  the  principal  con- 
siderations which  inlluenced  the  final  selection  being  those  of 
economy  and  safety.  The  accompanying  illustrations  will  sen*e 
to  give  some  idea  of  the  general  effect  produced  by  the  lights, 

6vith  some  of  the  more  interesting  details  of  the  con- 
and  arrangement  of  the  plant     The  illumination  of 
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tlic  entire  structure,  including  the  bridge  and  its  approaches. 

quires  70  lamps  of  the  duplex  pattern,  arrange<l  in  two  circu 

of  35  lamp^  each.     Of  these.  14  are  situated  on  the  main 

between  the  towers,  60  on  the  approaches  at  either  end,  and  lET 

remainder  are  distributed  in  the  stations  at  each  end,  and  in  til  — =^ 

engine  house.     The  two  electric  circuits  are  in  every  respect 

dependent  of  each  other,  and  are  so  arranged  that  each  altern 

lamp  is  in  a  different  circuit,  so  that  any  accident  or  fault  occ 

ring  in  one  circuit,  will  leave  no  portion  of  the  stnicture  in  d 

nes&     This  arrangement  is  shown  in  the  diagram,  Bgure  306, 

which  the  small  crosses  represent  the  lamps  arranged  altema 

on  the  different  circuits.  The  total  length  of  the  bridge,  togetl= — ^« 

with  its  approaches,  is  more  than  a  mile,  so  that  the  two  lighli 

circuits  contain  a  total  of  more  than  four  miles  of  main  cond 

tor.     Each  circuit  is  worked  by  two  twenty-light  Weston  dyi 

TDOS,  coupled  together  in  series,  and   driven  by  an    indi 

dcDt  horizontal  steam  engine:     The  dynamos  and  enginea 

located  in  the  main  engine  house  at  the  Brooklyn  end  of 

bridge,  as  shown  in  the  plan,  figure  306.    Figure  307  is  an 

tenor  view  of  this  engine  room,  »howing  the  four  dynamos 

the  horizontal  steam  engines  by  nhich  they  are  driven, 

also  a  portion  of  the  large  engine  which  propels  the  endl 

cable  for  drawing  the  railway  airs  across  the  bridge.     An  ad—    ^3i- 

tioDaJ  safeguard  against  the  extinction  of  the  lights  has 

provided  in  this  case  by  the  establishment  of  special  oondm 

connecting  the  New  York  terminus  of  the  bridge  with  one 

the  regular  electric  lighting  &iations  of  the  United  States  II 

minating  Company  in  that  city.     Switch  mccluinism  has 

provided  at  both  ends  of  the  bridge,  as  shown  at  A  A  (figi 

306),  so  that  in  case  of  accident  to  the  engines  or  dynamos, 

closing  the  switches  at  the  Brooklyn  end,  and  opening  those 

the  New  Tork  end,  the  bridge  circuits  are  ioterposed  as  1« 

into  the  lines  leading  from  tlie  illuminating  station. 

The  form  of  lamp  post  and  redector  which  is  used  on 
bridv^e  is  shown  in  figure  290. 

Figure  308  shows  the  main  conductor  in  its  actual  din& 
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applied  to  its  exterior.  Figure  309  shows  the  base  of  one  of 
the  hollow  iron  lamp  posts  and  the  manner  in  which  it  is  mounted 
upon  one  of  the  girders  of  the  bridge,  and  also  illustrates  th«j 
manner  in  which  the  wires  are  conducted  along  the  iron  girder, 
by  being  led  through  wooden  blocks  or  cleats  which  are  fastened 
between  the  flanges  of  the  girders,  the  wires  being  led  into ' 
hollow  bases  of  the  lamp  posts,  as  shown  in  the  figure,  safe 
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against  accident  being  insured  bj  an  external  wnpping.  Figure 
SIO  gives  a  ^-er7  good  idea  of  the  general  effect  of  the  illimiiQa- 
tioQ  at  night 

In  the  praoiicol  application  of  the  VfcsUm  S3rstem  iinder  the 
variety  of  circumstances  whidi  are  necessarily  met  with,  it  kaft^ 
been  found  necessary  to  invent  and  apply  a  number  of  sapple-l 
menlary  or  aeooooocy  devioeo,  such  as  automAtio  regnktai^ 
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circait  oi  the  field  m^net  of  the  djnauouvznachine,  and  the 
oi  tbe  win  ia  ona  direokioa  or  the  other  gndunllj 
t  or  deenMBB  tfae  naialuiee  in  the  exciting  circtiit  as  it 
pHHS  over  tke  Tmammilini      ^e  Appniatiis  ia  driven  from  an j  i 
cooTenieat  naotor  hjm  cniaU  belt,  which  pnaseB  aruond  the  liuge  J 
polley  fihom  al  tha  IcA  of  the  maehAfi,     A  short  crank  or  eo- 
eeatne  on  tbe  fraot  end  d  tha  pnlfej  cnmrnnnicalea  a  oofkataot 
to-and-£rD  movemeat  to  an  npc^ht  ann  which  is  pivoted  to  the 
lefteod  of  the  mfftaHir  base  ol  the  imanunwit    A  kngitadimdly  1 
vibnuiog  horiaontal  bar  pivoted  to  the  npper  end  of  tbta  arm 
carries  two  pawb  or  dags,  which  en^ige  irspectxrelT,  though  not 
both  at  the  same  tune,  with  the  teeth  of  a  doable  rererse  ratchet- 
wheel  affixed  to  the  oommatator  aim.    A  borisgontal  electro-  i 
magnet  ia  placed  upon  the  base  of  the  ntachioe,  which  acts  upon' 
a  Tefticalljr  swinging  armatote,  whose  angular  poRtion  is  deter* 
mined  hy  the  attractxre  force  of  the  electzo-magoei  exerted  in 
oppofihioo  toa  spring    Tbe  mode  of  operatioa  of  this  apparatus 
is  sn  apparent  as  to  require  but  little  explanatioo.    II  the  current 
in  the  arc  cironit  becomes  loo  strong  the  armatnie  of  the  magnet ' 
is  dnwn  down,  one  of  die  osciUating  pawk  is  faronght  into  en- 
gi^ement  with  the  teeth  of  its  oorrespoodlng  ratchet-wheel,  and 
tbe  oommntalor  aim  is  moved  over  a  safBdent  nomber  of  divi- , 
Aons  of  the  ooromatator  so  as  to  increase  the  lesisianea  in  the  I 
circuit  of  the  field  magnet  until  the  current  generated  bj  the 
dynamo  ia  redooed  to  its  normal  amnnnt.     So  loog as  the  current 
remains  ooostant  neither  ol  the  two  pnwis  are  engaged  with  their 
correspoodnig  nA^etwhe^;    but  whenever  it  increases  or 
dtmiiiifuhcfl  the  prc^>er  amoaul  of  resistattce  is  aulomaticalijr  ua* 
•erted  into  or  withdrawn  fimn  tbe  6eld  circuit. 

In  fignrea  SIS  and  313  is  shown  an  indicator  designed  Cor 
use  m  central  stations^  and  other  |daoes  where  tbe  lamps  are  at 
a  considerable  distance  from  the  machine.  Tbe  col1«  - '  *'"- 
eicetro-magnet  shown  in  figure  313  am  lodndeH  in  ih- 
with  the  lampar  and  the  lenaioo  of  the  retr 
Z  shaped  armature  is  sn  adjosted  as  i  ' 
whieh  ia  adadied  to  its  axis,  to  xero 
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trrent  is  at  its  normal  Htrength.  Should  ttio  current  exceed 
t  below  this  strength,  however,  either  the  magnet  or  the 
J  prepouderaies,  as  the  case  may  be,  and  the  index  is  moved 
)  direction  or  the  other,  thus  indicating  the  direction  and 
i  of  the  change ;  and  in  case  of  any  considerable  variation, 
!  coniact-aprings  on  the  lever  completes  a  battery  circuit, 
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ngcontactwithastopscrewin  the  wpperpart  of  the  box, 
;(a  an  electric  bell  ringing  to  call  the  attention  of  l!ie  at- 
nt  By  means  of  this  indicator,  the  attendant  at  the  central 
n  can  see,  upon  etarting  the  machine,  that  the  normal  cur- 
i  going  out  to  the  lamps,  and  is  instantly  notified  when  any 
iDt  occuni  to  the  circuit,  or  when  lamps  are  put  into  circuit 
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or  cut'Out,  5t>  tliat  he  can  immediately  adjust  the  resistazica  in  tha 
field  magnet  of  the  dynamo  machine  to  compensate  for  the 
change. 

Figure  S14  shows  an  automatic  regulator  and  current  indi- 
cator mounted  in  an  ornamental  ca^e,  which  may  be  placed  iu 
any  convenient  pouitioD  oa  the  walls  o{  the  building  or  office. 


mr 
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The  details  o{  the  indicator  are  shown  in  figure  316,  and  are 
essentially  the  same  as  those  already  described. 

Figure  816  bIiows  the  external  appeamnce  oC  a  box  w)uch 
contains  devices  fop  the  pni-pose  of  cutting  1am]>s  or  groupA.« 
himps  into  or  out  of  circuit     Upon  up-Miing  llr 
compurtment  is  exposed,  us  ithowii  in  llgurfr 
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Ckf  trhich,  at  the  bottom,  is  a  projecting  kDo1>,  and  at  the  right  a 

l^rctjecting  lever.     Above  is  a  small  window  through  which  ap- 

l>eais  either  the  word  on  or  the  word  cff",  according  to  the  posi- 

xion  of  the  elcctricaJ  conaectiona  within  the  box.     The  internal 

vjonstruction  of  tlie  box  is  shuwix  in  figures  318  and  S19,  which 

arc  vertical  traiisverso  sections  at  right  angles  to  each   other. 

TT(X>a  a  shaft,  A,  are  mounted  insulated  metallic  cylinders,  band 

r,  which  are  placed  in  connection  with  the  eloctrio  inain<i  w  w^ 

by  means  of  flexible  conductora,  one  of  which  is  shown  at  B  in 

figure  319.     Upon  these  metallic  cylindei's  are  fixed  resilient 

metallic  contact  arms,  B  and  C,  which,  when  the  cylinder  tama 

ttpon  its  axiB  A,  are  caused  to  move  over  the  surface  of  pairs  of 


Fiy.  SI  8. 


/•rV  -Ml'. 


metallic  contact  plates,  H  and  K,  which  are  mountetl  on  opposite 
ndea  of  a  central  insulated  partition,  K.  The  wires  ( t  lead  to 
the  lamp  or  group  of  lamps,  which  is  designed  to  be  controlle<l 
by  the  cut-out,  and  these  are  electrically  connected  with  the 
oonUict  plates  II  II,  us  plainly  seen  in  figure  318.  Similar  plates, 
K  K,  are  connected  directly  together.  A  sii-ong  spring,  5,  is  at- 
tached to  an  arm  or  lever,  L,  projecting  fn>m  metallic  cylinder 
Cy  and  tends  to  throw  tlje  sjiring  conUict-arms  B  and  C  into  con* 
tact  with  the  jilates  K  K,  but  is  normally  restrained  by  a  pro- 
jecting detent,  a  (figure  319^,  which  engages  with  a  notch  upon 
the  lever  K,  the  whole  being  held  in  jrosition  by  a  spring,  r.  The 
lever  E  projects  through  the  front  of  the  case  and  is  provided 
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CHAPTER    VII. 

DTVAUO-ELECnUC   GENEBATOBS. 

Dynamo-electric  generators  are  machines  for  coUTerting  energy, 
in  the  form  of  dynamical  power,  into  energy  in  the  form  of 
electric  currents  by  rotating  metallic  conductors — usually  cop- 
perwire  or  rods — in  a  magnetic  field.    The  term  dynamo-electric 
machine  appears  to  have  been  first  employed  by  Dr.  Werner 
Siemens,  of  Berlin,  in  1867,  to  designate  a  self-exciting  xoachine, 
which  converted  dynamical  power  into  electrical  power  without 
the  aid  of  permanent  magnets.      Previous  to  this,  all  machines 
for  generating  electric  currents  by  dynamical  power  were  called 
magneto- electric  machines,  and  this  terra  has  been  generally  re- 
tained  since   to  designate  those  whose  fields  are  excited   by 
permanent  magnet**.     But  since  the  recent  great  development  of 
electric  lighting  l>egan,  it  has  sometimes  been  found  convenient 
to  use  generating  machines  in  which  the  self-exciting  principle 
is  not  employed.     Some  systems  of    electric   lighting   require 
alternating  currents,  proiluccd  by  machines  which  are  incapable 
of  exciting  their  own  magnets;  and  other  systems  employ  con- 
tinuous   currents,    whicli    experience     has    shown    are,    better 
regulated  when  the  magnets  of  the  dynamo-electric  generators 
are   separately  excited    from   an    external    source.     It   is  thus 
apparent    that    tlie    limititions    of  the    term   dynamo -electric 
machine  to  one  particular  class  of  machines  has  no  Ic^cal  founda- 
tion.    A  dynamo- electric  machine  is  one,  in  fact,  whether  its 
magnets  are  excited  by  its  own  currents  or  by  a  current  from  an 
independent  source.     The  source  of  the  magnetizing  power  is 
immaterial,  provided  a  magnetic  field  of  sufficient  strength  be 
produced  wherein  the  generating  coils  can  be  rotated ;  and  as  it 
<loes  not  matter  where  the  magnetizing  power  comes  from,  it  is 
evident  that  we  ought  to  include  among  possible  sources  the 
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power  derived  from  permanent  mjigneta.  Tlie  arbitrary'  distinc- 
tion, therefore,  betweeu  so-called  inagiieto-elcctnc  aud  djnamo- 
electrie  generators  fails  when  criticallv  exuiiiined.  In  a.11  of 
these  machines  a  magnet^  wliether  permanently  excited,  in- 
•  lepeudenlly  excited  or  aclf-cxcited,  is  employed  to  jarovide  a 
lield  of  njugnelic  force,  utid  in  all  of  thera  dyiiarniuil  jiower  is 
employed  to  do  the  work  of  rotating  the  coiU  of  the  armature, 
i  a  order  to  generate  the  electric  currents :  and  hence  the  term 
<lynamoelectric  machine  is  equally  applicable  to  all.  Before 
describing  the  various  forms  of  dynamo-electric  machines  in 
use,  let  us  examine  the  principles  upon  which  they  are  founded 
and  the  suooesmve  steps  which  led  to  their  development 

ELKCTRO-l;YNAMIC  LS'DUCTION. 

It  was  known  at  a  very  early  period  that  a  magnet  is  capable 
of  magnetizing  a  piece  of  iron  which  is  brought  near  it,  though 
tiot  in  contact  with  it;  and  also  that  the  electricity  developed  by 
an  electrical  machine  electrifies,  by  action  from  a  distance,  every 
body  in  the  neighborhood  of  the  conductor.     To  these  phenom- 
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ena  Faraday  addetl,  in  1830,  the  important  discovery  that  a  gal- 
vanic current  is  able  to  induce  other  galvanic  currents  in  neigh- 
\joring  wires  without  actual  contact  The  process  by  which 
these  additional  currents  an;  produced  is  called  electro-dynamic 
induction.  The  currents  generated  are  called  secondary  cur- 
rents, and  the  generating  current  is  called  the  primary  current 
The  principal  law  of  electn>  dynamic  induction  is  the  follow- 
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hig :  If  a  ooctdoctiug  circuit  is  in  pruxiutity  to  a  win  < 
with  no  electric  geDenior,  then,  at  the  moment  when  a  cur 
vises  or  ocaees  in  soch  wire,  a  seooodan-  current  of  momeniafjr 
liomson  orig^naxes  in  the  neigbborii^  circuit.  To  illustrate  tbit 
l^beDomeDoo,  let  as  suppose  B.  fig.  322,  to  be  an  electric  ; 
btor,  and  A  C  the  wire  which  ooDDects  the  poles  of  this  gene 
tor,  ill  the  vicinity  of,  and  paiaUd  to  which,  is  the  wire  D 
whose  extreme  ends  are  oaonected  to  a  gaU*anocDeler,  G,  < 
of  indicating  the  presence  of  an  electric  current.  As  the  wir 
D  E  is  not  connected  with  the  genenUor,  no  current  cijvuJate^ 
through  it,  and  the  magnetic  needle  of  the  gshuometer  G  re- 
mains at  rest  Xow,  as  soon  as  the  circuit  of  the  generator  B  is 
closed,  and  a  current  tnreracs  the  wire  A  C.  a  current  alaou 
originates  in  ibcseoood  wire«  D  £,  whose  presence  is  immedi*^ 
ateljr  indicated  hy  the  gaU*anomeier  G.  and  whose  direcdon  is 
c^posite  to  that  of  the  primary  current  If  we  sappoee  the  cur- 
rent in  the  primary  wire  to  flow  irom  A  toward  C,  then  tlic  sec- 
ondarr  current  in  the  neighboring  wire  will  Sow  from  K 
toward  B. 

The  secondary  current  is  almost  instantaneous,  oontinning  but 
a  moment  and  then  disappearing,  although  the  primary  cur 
continues  to  flow  iu  the  wire  A  C  The  moment  tlte  prim.'i 
circuit  is  closed,  the  needle  of  the  galvancmeler  G  ia  suddenly 
deflected,  indicating  by  its  noovement  the  formation  of  tbe  9e»c- 
ondarv*  current,  when  it  returns  immediately  to  a  state  of 
and  remains  thus  daring  the  oontinuanoe  of  tbc  current  in  ik 
wire  AC 

As  soon,  however,  as  the  circuit  of  the  geucraior  B  i~ 
a  seGondary  current  appears  in  the  wire  D  E  simulu.._v- 
with  the  disappearance  of  the  primary  current     lliis  is 
of  momentark*  duration,  and  traverses  the  wire  in  the  Knme 
rection  as  the  disappearing  primary   cur—"        *.^    — -  '■ 
seen, if  the  primar>'  current  cinmlales  in  th- 
C.  then  the  secondary  current  which  originaies  in  wire  D  E, ' 
tlie  primary  circuit  is  opened,  will  be  iit  ihe  v 
t}ie  primary  current,  or  from  D  to  K.  while 
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r>ent,  which  arises  wiien  the  primary  circuit  is  closed,  ia  in  ihe 
.opposite  direction,  or  from  E  to  D. 

The  passive  condition  of  the  wire  while  thus  under  induction, 
hkos  been  described  by  Faraday  as  electro- ionic     An  electric 
t.hrob  murks  the  setting  in  of  this  state,  and  another  its  vanish- 
3  ug,  the  former  in  an  opposite  direction  to  that  of  the  induciug 
-current,  and  the  latter  iu  the  same  direction.     If  the  primary 
"wire  A  C  be  movable,  so  that  it  can  be  suddenly  brought  near 
to  and  withdrawn  from  the  secoiidar}'  D  E  while  the  primary 
current  (Jaases  steadily,  currents  are  induced  as  in  the  former 
case,  ihe  approach  of  the  wire  l>eing  marked  by  an  inverse  cur- 
rent and  its  withdrawal  by  i\  direct  one.     As  long,  however,  as 
the  primary  wire  remains  in  any  one  position,  all  evidence  of 
electricity  in  the  secondary  wire  disappears;  but  if  in  this  posi- 
tion the  strength  of  the  primary  current  should  l>e  increased  or 
diminished,  momentary  currents  in  the  secondary  wire  wouI<l 
again  mark  the  changes  in  the  primary,  the  increase  causing  an 
inverse  and  the  decrease  a  direct  current     Hence,  "e  cv:>nclude 
iliata  cuireot  which  begins,  a  current  which  approaches,  or  a 
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'current  which  increases  in  strength,  induces  an  inveree  moment- 
ary current  in  a  noigbboring  conducting  circuit ;  and  that  a  cur- 
>%nt  which  stops,  a  current  which  retires,  or  a  current  which  de- 
creases in  strength,  induces  a  direct  momentary  current  in  a 
neij^hboring  circuit  'J'ho  strcnfrth  of  the  secondary  current  is 
proportional  to  the  strength  of  tho  primary  current,  to  the  pros- 
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imity  of  the  secondary  to  the  piimary  wire,  and  to  tlie  lengUi  • 
wire  subjected  to  the  inductive  action. 

The  latter  consideration  serves  as  a  guide  in  constrnotirc^i^^^B 
apparatus  by  means  of  which  powerful  induction  cnrreDU  are  ^^  ^ 
be  produced.  These  cousiat,  as  shown  in  fig.  S25  of  two  di:^  ^•*' 
tinct  wires  UrDiight  clo=o  ttigether,  which  are  very  carefully  ove  :^^^- 
spun  with  silk  to  insnlate  tliem  from  each  other,  and  then  woutu^c^" 
for  ;i  great  length  in  the  same  direction  close  together  ou  * 
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wooden  bobbin.     The  primary  wire  R  r,  through  which  the  cur^rjfl 
rent  from  the  generator  is  conducted,  is  much  thicker  than  th^c:^l« 
secondary  wire,  G  ^,  forming  the  induction  ooiL     In  some  inr-^in- 
atancc?,  each  of  the  two  wires  is  wound  upon  a  wooden  bobbi-;_^,^o, 
cylindrically  grooved,  and  so  arranged  that  the  oml  of  the  pr^q»)ji- 
mary  wire  may  be  placed  inside  of  the  hollow  coll  consisting      -*» , 
thin  wire.     In  all  cases,  the  ends  of  the  thick  wire  areconneci^' 
with  the  generator,  while  the  ends  of  tJje  thin  wire  are  eittZ^er 
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ooonected  to  each  other,  or  to  the  parts  through  which  the  sec- 
ondarj  current  is  to  be  conducted. 

Fig.  S2i  ahuws  the  construction  of  these  parts.  A  is  the  sec- 
ondary coil,  consisting  of  a  long,  fine  wire;  B  is  tlio  primary 
ooil  of  thick  wire,  E  the  generator,  and  M  the  galvanometer. 
The  ext«?nie  ends  a  i  of  the  coil  A  are  connected  with  the  gal- 
vunomctcr,  and  the  ends  c  c^  of  tlie  thick  wire,  hy  means  of  a 
mercury  ctip  j,  with  the  poles  j?  n  of  the  generator,  ^hen  in  ii 
alate  of  rest  the  needle  of  the  galvanometer  indicates  that  there 
is  no  current  circulating  in  the  coil  A.  When,  however,  the 
circuit  is  closed  at  q,  then  the  movement  of  the  needle  at  M  in- 
dicates that  the  coil  is  being  traversed  by  a  current  which  is  in 
an  opposite  direction  to  the  cuiTcnt  of  the  coil  B.  When  the 
primary  circuit  is  opened  the  needle  again  moves  to  nearly  an 
equal  distance  in  the  opposite  direction.  As  long  as  a  current 
traverses  ihe  wire  B  the  needle  of  the  galvanometer  remains  at 
rest,  although  any  sudden  increase  in  it  will  induce  a  current  of 
opposite  direction  in  the  secondary  wire  A ;  on  the  contrary, 
any  sudden  decrease  uf  the  current  strength  in  the  primary  wire 
causes  an  induced  current  in  the  secondary  wire  in  the  same  direc- 
tion. If  the  primnrj'  wire  be  brought  nearer  to  or  removed  further 
from  the  seccndar)*  wire,  the  same  effect  is  produced.  That  is 
to  eay,  if  the  thick  wire  of  the  coil  B,  while  traversed  by  a  cur- 
rent, is  brought  suddenly  nearer  to  the  thin  wire  of  the  coil  A, 
or,  what  amounts  to  the  same  thing,  if  the  coil  B,  while  ti'aversed 
by  a  current,  is  suddenly  inserted  into  the  coil  A,  a  secondary 
current  originales  in  tlic  coil  B,  which  is  opixwite  to  the  primary 
current.  By  the  rapid  withdrawing  of  one  coil  from  the  other, 
another  secondary  current  is  generated,  which  is  in  the  same  di- 
rection ua  the  primary  current 


IXTBA   CDRRKNT. 

To  generate  a  secondary  current,  it  is  not  necessary  that  two 
ffircsehould  be  employed,  aa  inductive  action  also  takes 
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place  between  separate  convolutions  of  the  same  wire,  when 
wound  in  the  form  of  a  heliacal  coil.  At  the  instant  tlmt  an 
electric  current  is  sent  through  such  a  coil,  an  induced  current 
is  set  up  in  it,  which  opposes  and  therefore  weakens  the  origin- 
ating current.  So  also  upon  breaking  the  originating  current, 
an  induced  current  is  again  set  up  in  the  coil,  this  time  in  the 
same  direction  as  the  originating  current,  and  adding  to  its 
strength.  The  longer  the  wire  of  the  coil  and  the  greater  the 
number  of  its  convolutions,  the  more  powerful  will  be  the  in- 
duced current,  which,  when  generated  in  the  same  wire  in  which 
the  primary  current  flows,  is  termed  the  extra  or  counter  cur- 
rent It  is  on  account  oi  tliis  extra  current  that  the  shock  which 
the  human  body  experiences  when  the  primary  circuit  is  closed 
is  far  less  intense  than  at  its  breaking.  One  of  tlio  prinnpnlf  ^  ^ 
reasons  of  the  lack  of  success  which  1ms  hitherto  attended  alf^^jj 
attempts  to  construot  motors  by  the  use  of  large  eleclromag  ^^». 
nets,  is  thi.s  action  of  the  extra  current  upon  the  primary  cur-^_,r. 
rent,  which  interferes  with  the  rapid  charging  and  discharging og — ^^( 
the  magnet:^ 

In  consequence  of  the  appearance  of  the  extra  current  in  op:^--«p- 
jjosition  to  the  primary  current,  at  the  moment  of  closing  th«r:*Tifl 
current,  the  primary  current  does  not  attain  its  fall  strengthC^^h, 
either  in  a  heliacal  coil  or  in  a  verj*  long  straight  wire,  at  tlmr^tJia 
Srst  instant  of  closing,  nor  docs  the  current  disappear  instantfc.;9'ta> 
neously  when  the  circuit  is  broken.  A  gradual  increase  of  tb-^-ih* 
current  takes  place  up<jn  the  clasing  of  the  circuit,  and  it  is  n»  .«"-j)Ot 
until  after  the  lapse  of  about  a  fifth  of  a  second  that  it  attains i-«:  -its 
maximum  strength.  When  the  coils  surrounding  the  iron  co  *rr>ora 
of  an  electro- mag  net  are  included  in  the  circuit,  this  time  «  >> 
lengthened  M  about  three-fourths  of  a  second  before  the  currcr^w  ^nt, 
and  consequently  the  magnetism  of  the  iron  cores  can  attain  r  -  itt 
maximum  strength.  This  is  one  of  the  reasons  why  it  is  nciK"  not 
possible  to  telegraph  with  the  same  rapidity  on  long  lines  as  '  oO 

shorter  ones,  and  also  explains  the  fact  that  in  all  electro*insL.^nflg- 
netio  motors  it  is  impossible  to  increase  the  speed  beyond  a  c^^cer 
tain  limit.     Like  tlie  ordinary  induced  currents,  the  extra  i-     wn^. 
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conductively  connected.     As  long  as  the  magnet  remiuns  m  re«t 
T10  induced  current  is  manifested,  but  if  it  be  suddenly  reiDOTed, 
anollier  induced  current  arises  in  the  coil,  the  direction  of  wbicli 
is  opposite  to  that  of  the  former  one.     The  direction  of  both  of 
these  currents,  which  arc  in  all  cases  opposed  to  each  other,  At- . 
pends  upon  the  polarity  of  tlie  end  of  the  magnet  vhicb  is^ 
turned  toward   the  coil     By  causing  a  magnet  and  a  coil  of 
wire  to  l>c  alternately  brought  near  to  and  withdrawn  from  oacb^ 
otber  in  rapid  .succession,  momentary  induced  currents,  flowing 
alternately  in  opposite  directions,  are  produced  in  the  wire,  and 
by  this  means  verj'  powerful  electric  currents  are  obt&ined  by 
the  mere  movement  of  a  powerful  magnet  in  proximity  to  a  wire 
coil. 


Fig.  336. 


The  direction  of  the  current  induood  in  a  closed  wire  coil  and 
acted  upon  by  a  magnet,  depends  upon  the  direction  of  tlio  mo- 
tion, the  direction  ol"  the  turns  of  wire,  and  to  the  polarity  of  the 
end  of  the  magnetic  bar  which  is  nearest  when  the  wire  ooili* 
set  in  motion.  To  determine  beforehand  the  direction  of  iheJ 
induced  current,  which  will  be  produced  by  the  motion  of  a:i 
nmgnet,  we  must  consider  the  magnet  as  a  system  of  galvanio 
currents  which  surround  the  iron  core  perj*cndicularly  to  it 
length,  and  then  look  at  the  south  pole  and  imagine  the  mi 
netic  bar,  as  in  fig.  326,  surrounded  by  currenU  whicli 
around  the  pole  in  the  direction  of  the  hands  of  a  clock.  If  in 
this  way  we  suppose  the  magnet  to  be  a  system  of  electrio  cur- 
rents, the  same  rule  applies  with  regard  to  the  direotion  of  Ukd 
induced  currenta  produced  by  the  movement5  of  the  msgnrt,  as 
were  given  on  page  520  for  the  direction  of  the  socooduy  cur- 
rootfi,  produced  by  the  primary  currents. 

The  induced  current  which  is  generated  in  fc) 
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fte  sonth  pole  S  (fig.  325)  is  insierted  into  it,  has  a  direction  op- 
posite to  that  of  the  hands  of  a  clock,  without  reference  to  the 
direction  of  the  turns  of  the  coil.  Therefore,  upon  the  front 
aide  of  tho  coil  A,  which  ia  turned  toward  llie  spectator,  the  in- 
duced current  passes  from  ripht  to  left  When  the  south  pole 
ia  withdrawn  from  tho  coil  the  induced  current  is  in  the  opposite 
i^iroction,  or  from  left  to  right. 


F^.  3IT. 

Instead  of  making  uae  of  a  magnet  and  a  wire  coil,  as  above 
described,  we  may  enclose  a  piece  of  iron,  in  the  form  of  a  horse- 
shoe, c  (fig.  327),  within  a  hehx  of  wire,  and  induce  magnetism 
in  it  by  bringing  it  rapidly  into  proximity  with  a  steel  mag- 
net, a  h  Thus,  when  wo  bring  the  soft  iron  c  near  a  stese]  mag- 
net, the  iron  itself  becomes  magnetic ;  and  hence  the  movement 
of  the  iron  core  in  and  t*  toward  the  poles  a  and  b  gives  rise 
to  the  same  action  as  that  which  occurs  when  a  magnet  moves 
toward  a  wire  coil.  By  the  removal  of  the  soft  iron  c  from  the 
magnet  rt  6,  it  again  loses  its  magnetism,  and  thus  the  withdrawal 
of  the  iron  cores  m  n  from  the  poles  a  h  gives  rise  to  precisely  the 
j$anie  phenomena  which  occur  when  a  magnet  is  removed  from  a 
wire  coil. 

If,  therefore,  we  give  the  iron  core  c  with  its  helices  a  rotary 
knotion,  so  as  to  caufi^  the  extreme  ends  m  and  n  to  pass  close  to 
the  poles  a  and  h  of  the  permanent  steel  magnet,  then,  when  the 
end  n  moves  away  from  the  pole  i,  and  m  from  a,  the  removal  of 
coil  n  from  the  south  pole  b  causes  an  induced  current  in  the 
same  direction  as  the  current  which  arises  ujKjn  the  removal  of 
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half  re\*olalioa  of  the  helices  c  (fig.  827)  two  indnced  currents 
in  tho  same  direction  are  generated  in  the  connecting  wire,  while 
the  helices  are  approaching  the  poles  of  the  permanent  magnet 
a  6,  l)ut  during  the  next  succeeding  half  revolution  two  other 
induced  currents  are  generated,  which,  in  consequence  of  the 
removal  of  the  helices  from  the  |X>le3  of  llie  magnet  have  an  op- 
posite direction  with  respect  to  the  first  two  currents.  If  we  at- 
tach to  the  helices  (fig.  827)  suitable  arrangements  by  which  they 
may  be  put  in  rapid  rotation,  we  shall  have  a  d>-namo- electric 
machine  capable  of  producing  a"  series  of  induced  currents  in 
quick  succession  which  will  decompose  water,  magnetize  soft  iron, 
and  produce  all  the  other  effecta  of  the  current  of  a  voltaic 
battery. 

faiudat's  machins. 

The  first  dynamo-electric  machine  was  constructed  by  Faraday. 
Barlow  had  shown  that  a  cop|jcr  disk,  placed  between  the  poles 
of  a  magnet  (fig.  329),  will  rotate  in  the  magnetic  field  when  trav 
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ersed  by  an  electric  current  from  its  axis  to  its  periphery,  where 
there  is  a  sliding  contact  Faraday,  in  1831,  showed  tliat  by 
mechanically  rotating  a  Bimilar  disk,  between  the  poles  of  a 
magnet,  continuous  currents  were  obtained,  These  he  drew  oQ 
by  collecting  springs  of  copper  or  lead,  one  of  which  touched  the 
axis  (fig.  330)  while  the  other  pressed  against  the  amalgamated 
periphery.  As  early  as  182fl,  Faraday  had  conceived  the  idea 
that  when  an  armiitnre  was  removed  forcibly  from  n-permanenl 
magxiel,  the  <jxpen<liture  of  force  thus  made  should  give  rise 
«ntin  the  wire  surrounding  the  armature;  but  it  took 
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him  five  yean*  to  practically  develop  it     When  Faradav  aw 
the  spark  produced  by  this  machine,  and  was  able  to  show  it  to 


Ftg.  330. 

the  rnemljera  of  the  Royal  Institution,  he  said ;     "  Allhoueh  ihia 
apark  is  very  3mall»  so  tbat  you  can  hardly  perceive  it,  others  will 


rig.  :t:{i. 

follow  who  will  make  this  power  available  for  very  im 
purposes." 


BAXTOXS   BCACHINE. 


531 


Faradiiy  obtainwl  ihe  same  result  on  replacing  the  ordinary 
xnagnet  by  an  electro- magnet,  or  even  a  simple  helix  traversed 
"by  a  current,  having  no  iron  core  in  the  interior;  but  the  cur- 
lent  produced  by  rotating  the  simple  copper  disk  in  the  magnetic 
iield  had  very  little  intensity.  To  obtain  induced  currents  of 
any  strength  they  must  be  developed  in  conductors  of  some 
length,  in  order  that  the  resistance  of  the  exterior  circuit  shall  not 
greatly  exceed  that  of  the  armature,  and  thus  enable  the  current 
to  traverse  it  instead  of  retrograding  by  the  conductor  in  which 
the  induction  occurs.  The  first  ai-tificer  who  constructed  a  ma- 
chine on  this  principle  wan  Pixii. 

PlXIl's   MACHINE. 

Pixii's  machine  (fig.  331)  was  constructed  the  year  following 

the  discovery  of  Faraday.     B  B'  are  coils  of  insulated  silk  wire 

3,000  feet  in  length,  wound  round  a  massive  soft  iron  core  and 

fixed  to  a   horizontal   crosspioce;   below  i»  a  compound    per- 

mancul  magnet  A,  movable  about  a  vertical  axis  to  which  a 

rapid  rotation  may  be  communicat*tl  by  means  of  the  handle 

attached  to  the  bevel  gearing  wheels  R  and  P.     Every  time  the 

poles  of  the  magnet  A  arrivetl  under  the  armature  of  tiie  electro- 

^  ningnet**  B  B',  and  (juitted  it,  thore  were  induced  currents  devel- 

^koped  in  the  wires//     This  ingenious  machine,  which  was  rather 

^■itioonvonient  in  actual  use.  was  soon  replaced  by  the  much  more 

Vportable  apparatus  of  Saxlon,  in  winch  the  mechanical  arrange- 

rnent  is  the  reverse  of  tiiat  in  Pixii*3,  the  nmgnets  being  fixed 

und  the  coils  of  wire  movable ;  and  it  is  on  this  plan  that  all 

^he  subsequent  machines  have  been  constructed. 


» 
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Saxton's  machine  (figs.  S32  and  383)  cousistR  of  a  powerful 
horseshoe  magnet,  N  S,  fixed  horizontally;  an  armature  of  soft 
iron,  having  the  form  of  a  horseshoe,  and  each  branch  of  which 
is  surrounded  by  a  wire  covered  witli  silk,  D  D,  is  set  in  rota- 
t  taon  before  the  magnetic  poles  by  means  of  a  horizontal  axis,  N'  N'. 
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passing  between  the  branches  of  the  magnet,  and  which  w  i»^''^ 
moved  by  means  of  a  wheel  E  E'.  An  endless  cord,  pttsun^  a^ 
once  round  the  circumference  of  the  wheel  und  the  gitwve  of  a 
pulley  fixed  on  the  axis  by  its  centre,  serves  to  commdDicaMite 
motioa  The  wheel  is  tumeti  by  the  crank  K  The  two  brancl^B^es 
of  the  armature,  wliich  is  fixed  transvei-scly  to  the  extremity  of 
the  axis,  are  made  to  pass  successively  before  the  two  poles  of 
the  magnet.  At  each  passage  there  is  magnetization  and  c^3^ 
magnetization,  and  consequently  a  development  in  the  ambii^snt 
wire  of  two  induced  currents  in  contniry  directions.  Hencis:  it 
follows,  that  in  all  there  are  four  currents  in  each  of  the  t^^yio 
wires  for  one  complete  rotAtion  of  the  horizontal  axis.    If  e^acb 


Fig.  333. 

current  induced  in  one  of  the  wires  ia  compared  with  the  car"^^"* 
induced  in  the  other  at  the  same  instant;  that  is  to  say,  at>  tbe 
instant  of  magnetization  or  at  the  instant  of  demagnelizatio-  ^'  '* 
will  be  seen  that  these  currents  are  moving  in  contrary  d^'*'' 
lions ;  because  the  poles  of  the  magnet,  to  whose  influence  t^lipJ 
are  owing,  are  of  a  contrary  nama  In  order  that  they  may  *^d 
to,  instead  of  neutralize  each  other,  the  two  ends  of  each  of  *" 
wires  whence  the  current  seems  to  come  out  must  be  conn(^^-***^ 
together,  and  also  the  two  ends  at  which  it  seems  at  the  same  '^^^ 
to  enter.  These  four  ends,  thus  united  two  and  two,  pr^s^*** 
now  only  two  extremities,  which  are  like  species  of  poles,  *^ 
which  are  to  be  uniteil  by  the  body  destined  to  be  placed  i»^  ^^ 
route  of  the  induced  currents.     One  of  the  extremities  o'^ow 
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wire  may  also  bo  united  with  the  corresponding  extremity  of 
the  other;  so  that  the  two  wires  shall  form  but  a  single  oae, 
traversed  entirely  by  each  of  the  induced  currents  developed  ia 
both  wires.     It  is  necessary  that,  in  the  same  instant,  the  two 
currents  simultaneously  induced  should  have  the  same  direction  ; 
which  is  obtained   by  properly  RelecUag  the  two  extremities 
that  are  put  in  communication,  and  which  are  called,  in  order  to 
express  this  idea,  correspondent.     The  tuo  other  extremities, 
Uiat  ore  not  united  t<}gether,  form  in  this  case  tlie  two  poles.  The 
difference  presented  by  these  two  arrangements  consists  in  that 
in  the  former,  there  are  two  parallel  circuits,  the  effects  of  whicli 
are  added  together ;  and  that,  in  the  latter,  there  is  but  a  single 
circuit  of  a  double  length,  which  propagates  a  double  current 
of  induction.     The  second  circuit  is  evidently  much  less  a  con- 
ductor than  the  tirst,  since  it  is  composed  of  a  single  wire  of  a 
double  length,  instead  of  two  wires  of  half  the  length ;  on  which 
account  it  is  preferable,  when  the  currents  of  induction  are  in 
tended  to  traverse  imperfect  conductors;  the  first  is  preferable  in 
cases  where  the  bodies  that  are  placed  in  the  course  of  these  cur- 
rents have  a  good  conducting  power.  It  is  easy  with  the  same  ma- 
chine, to  connect  together  the  ends  of  the  two  wires  according  to 
either  mode,  and  thus  to  be  able,  with  the  same  apparatus,  toobtain 
the  various  effects  that  would  require  two,  one  of  which  would 
"be  with  a  short  and  thick  wire,  and  the  other  with  a  long  and 
thin  one.     In  order  to  establish  communication  between   the 
two  extremities  of  the  wires  or  poles,  one  is  made  to  terminate 
in  a  stem  fixed  on  the  prolongation  of  the  axis  N'  N',  and  which 
moves  with  it,  and  the  other  in  a  small,  vertical  disk  of  copper, 
eCf  fixed  by  its  centre  to  the  same  stem,  which  traverses  it,  but 
from  which  it  is  insulated  by  means  of  an  ivory  mufl"  or  lube 
enveloping  the  stem.     The  disk  constantly  j)Iunges  by  iLs  lower 
B  part  into  a  small  mercury  bath,  d,  which  also  receives  succes- 
sively the  two  points  of  a  small  brass  needle,  h,  itdjusted  to  the 
extremity   of  the  stem,  and  cummunicating  metallically  with 
H  it     The    mercury    thus  establishes    every  lime   that,  by  the 
effect  of  the  rotary  movement,  one  of  the  points  plungee  into 
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it>  a  metallic  communication  between  the  two  extreimtie^  or 
poles  of  the  inductive  wire.  If  care  is  taken  so  to  arrange 
the  needle  that  each  of  its  points  plunges  into  the  mcFcurjr  ai 
the  moment  when  the  armature  arrives  before  the  poles  of  the 
magnet,  it  follows  that  the  first  current  of  induction  occurs  at 
the  instant  of  immersion,  and  tlie  second  at  the  instant  of  the 
emersion  of  the  needle.  Thus  this  immersion  and  emersion  are 
each  accompanied  by  a  spark  produced  by  these  two  curreoU, 
and  there  are  consequently  manifested  a  series  of  brilliant  i^purk^ 
forming,  as  it  were,  a  continuous  light  so  long  as  the  rotary 
movement  is  given  to  the  armature, 

"When  it  is  (iesired  to  send  tlie  series  of  ind«ce<l  currents 
through  a  conductor,  the  needle  i',  laaed  transversely  to  the  ex- 
tremity oE  the  axis  of  rotation,  is  suppressed,  and  there  i«  pi-cAsoil 
against  this  extremity,  which  is  hollowcil,  the  point  of  a  snudL 
metal  stem,  Urmly  attached  to  one  of  the  pieces  of  the  apparatus, 
and  the  other  end  of  which  plunges  into  a  cup  lilled  with  mer- 
cury. This  cup,  and  the  mercury  into  which  the  small  d'uk  c  c 
constantly  plunges,  is  placed  in  communication  by  means  of  a 
oonductor,  and  the  latter  serves  for  the  |Missage  of  the  scries  o£ 
induced  currents.  The  bottom  of  the  small  cavity  at  tlie  ex- 
tremity of  the  axis  is  amalgamated,  in  order  tliat  tlie  tsommuni- 
cation  tjstablished  between  the  bottom  and  lite  point  nguiiist 
which  it  rubs  in  turning  may  be  entirely  metallic,  and  conse- 
quently conducting. 

CLARER'a   MACHtNK. 

In  Clarke's  apparatus  (fig.  334)  the  ma^^net  is  vertical  instead 
of  being  horizontal,  and  the  api^aratus  is  so  arranged  its  to  dii»< 
pcnse  with  the  mercury  bath.  A  small  spring,  constantly  pvet- 
sing  ui^n  a  metal  cylinder  put  in  place  oE  the  vertical  disk  of 
the  Saxton  machine,  serves  to  establish  the  commamn'''^"  this 
cylinder  is  itself  traversed  by  the  axis,  fn)ra  which  it  rtii 

by  means  of  an  ivory  tube     Tlic  axis  terminates  \tx  a  r- 
serving  as  a  commiitator  or  break  piece,  and  * 
pose  is  hollowed  out  so  as  to  prcsent  ifolutt 
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Its  surface,  or,  vrhich  is  still  better,  possesses  a  surfncc  alternately 
of  metal  or  of  wood.  It  follows  that  a  second  spring  constantly 
resting  against  this  piece,  is  found  by  the  rotation  to  be  in  con- 
tact sometimes  with  the  metal,  at  other  times  with  the  wood  of 
the  surface  of  the  cylinder,  which  causers  it  to  Ije  sometimes  in 
communication,  and  at  other  times  not  in  comraaniciition  with 
one  of  the  extremities  of  the  induced  wire,  whilst  the  former 
spring,  by  pressing  against  the  metallic  cylinder  which  is  in 
place  of  the  disk,  and  the  surfnce  of  which  is  continuous,  ia 
always  in  communication  with  the  oilier  extremity  of  the  wire. 
By  this  anangemenl  induced  currents  can  be  obtained,  all  mov- 


I^.  33i. 

ing  in  the  same  direction.  It  is  suifieifint  for  this  to  combine 
the  interruptions  of  the  communication  between  the  extremity 
of  the  axis  and  the  spring  that  rests  against  it,  so  tiiat  they  shall 
occur  at  the  moment  when  the  armature  approaches  the  magnet, 
or  else  at  the  moment  when  it  is  recwlingfrom  it.  In  the  former 
case,  it  is  the  currents  induced  by  tlic  magnetization  of  the  arm- 
ature th:it  are  excluded,  and  those  that  occur  at  the  moment  of 
demagnetization  are  collected.     In  the  latter  case  it  is  t)ic  re- 


proved form  of  this  machine,  oon- 
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the  coils  revolve,  they  pass  as  close  as  possible  to  the  poles  of 
the  steel  magnet,  aud  each  core  beoomes  thereby  transformed 
alternately  into  a  north  and  a  south  pole.  The  terminals  a  6  serve 
to  conduct  the  induced  currents  from  the  helices.  They  are  con- 
nected directly  to  the  pole-changer,  theofficeofwhichisto  change 
the  currents  of  opposite  direction,  which  arise  during  each  half 
revolution,  into  currents  of  the  same  direction,  and  thus  cause  the 
machine  to  furnish  only  currents  of  one  aud  the  same  polarity. 
The  construction  of  this  device,  which  is  sometimes  called  a  com- 
mutator, may  be  easily  comprehended  by  reference  to  tlie  sec- 
tional view  (fig.  336),  and  the  perspective  view  (fig.  3S7);  m  is 
a  brass  cylinder,  upon  whose  extreme  ends  two  steel  half-rings, 
2  and  8,  are  soldercfl  in  such  a  maimer  that  they  lie  exactly  op- 
posite to  each  other,  with  the  ends  slightly  projecting.     Within 


O  0 

Fig.  336. 


Mg.  337. 


this  cylinder  t7(,  but  separated  from  it  by  a  thin  insulating  bush- 
ing of  boxwood  (in  fig.  330  tlie  section  of  boxwood  is  represented 
in  black),  is  inserted  another  brass  cylinder  n  ?i,  which  projects 
beyond  the  tube  in  both  directions,  and  carries  upon  its  project- 
ing portions  two  other  steel  half-rings,  I  and  4,  which  corres- 
pond with  the  former  pair  8  and  2,  as  shown  in  fig.  837.  Hence, 
while  rings  2  and  3,  and  also  rings  1  and  4  are  in  conducting 
connection  with  each  otlier,  the  first  pair  of  rings  is  insulated  from 
the  aecond  by  the  boxwood.  One  end  of  the  wire  of  ooil  R  (fig. 
885)  is  in  ptirmanent  connection  \\ith  ring  1,  aud  the  cud  of  coil 
B  with  ring  2.  The  entire  apparatus  above  describetl  turns 
nuitifl  with  the  axis,     a  and  b  arc  two  thin  steel  springs,  each  of 

the  machine,  the  other  end 
rablc  elasticity  against  the 


538 


THE   Er.£CTBIO  LIOHT. 


rings  1,  2,  S  and  4  as  tliey  revolve.     The  brass  supports,  ^     ^ 
which  the  springs  are  attachec3,  are  provided  with  binding  scrum*  '  ^''^ 
for  tlic  attachment  of  wires,  by  whicli  the  current  may  be  cocrM^^^^- 
ducted  to  any  required  point     The  device  which  is  placed  be*-  «!»• 
tween   the  coils   R   R'  and  the   commutator   or  pole-change^^-^^r^ 
aervea  the  purpose  of  combining  the  several  convolutions  of  th  mlK^ 
ooils  in  various  ways.     lu  one  position  it  unites  the  ends  of  botr.A'oih 
coils  so  that  the  turns  form  one  continuous  wire;  in  the  othc^^.a-ia- 
position  it  connects  the  front  ends  of  both  coils  with  each  othe^^^ci^ 
and  the  rear  ends  iu  like  mauucr.     In  the  former  case  the  currcniK^s^ot 
passes  through  tlie  entire  length  of  the  single  wire,  forming 'wh^t^^^juii 
is  called  an  intensity  inductor ;  in  tlie  other  case  the  length  »        of 
the  wire  in  circuit  is  reduced  to  one  half,  and  the  cross  soctici^  mot^ 
is  doubled,  forming  a  quantity  inductor.     Hence,  in  the  firr»  jm 
case,  the  resistance  of  the  coils  is  four  times  as  much  as  in  tE'^.^^-tho 
latter  case. 

whuatsto.vk's  machine. 

Fig.  338  is  a  side  elevation  of  the  dynamo-olectric  machi^^^Mine 
employeil  by  Wheatstono  in  1840,  in  working  his  Dial-EIwL^^r-mc 
Telegraph.    K  K  is  a  fixed  permaueut  boise  shoe  magnet,  plan — ^cod 
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horizontally,  upon  the  poles  of  which  are  fixed  two  soft  ir  -"^^ 
corcii.  with  their  helices  of  insulated  wire.  On  a  vertical  a^^**'-' 
passing  between  these  cores  is  placed  a  soft  iron  armAtara  or  ^  "** 
duotor,  J  J,  which  is  caused  to  revolve  by  means  of  tto  pul^^^ 
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and  band  V,  which  ia  oonnected  with  a  crank,  not  shown  in  the 
drawing.  When  tlie  armaturo  revolvea  it  induces  alternate 
pasitive  and  negative  cnrrenu  iu  the  helices. 

stohrsk's  machink. 


L    1 


In  ld44,  Slohrer,  of  Leipzig,  devised  a  dynamo-electric  gen- 
erator, represented  in  fig.  S39,  which  was  likewise  employed  by 
him  in  u  machine  of  a  large  size.  This  consists  of  three  upright 
magncta  with  six  inrluction  coils.  The  direction  of  the  turns  of 
each  coil  is  oeoessarily  so  arranged  that  tlie  induction  currents 
whicli  arise  wht^n  the  coils  are  apprmu^hing  the  several  magnetic 
poles  are  of  llie  samo  direction.  When  the  coils  are  moving 
away  from  the  magnciic  ]>oIes,  we  again  obtain  currents  of  the 
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8ame  direction,  wliich  are,  however,  in  reverse  direction  to     "^"* 
preceding  ouea.     Hence,  the  machine,  at  each  connplei©  rerc:^^^*^* 
tion  of  the  vertical  axis  wliich  carriea  the  coils,  geucrales  twe-     *'^* 
currents  which  are  alternately  iu  one  direction  and  the  oiI^=:=^6r. 
Each  of  these  12  currents  o<)nsislfl  of  hix  elementary  currer  ~  ^^ 
which  are   generated  simultaneously  in  each  coil,  and  alwi^i:^ya 
unite  to  form  a  single  powerful  current. 

The  latter  dyuarao-cloctric  machines,  constructed  for  p— ^in- 
ducing the  electric  light,  were  used  for  lighthouses,  vessels,  e«>="=tc, 
and  contjuncd  from  50  to  60  very  powerful  systems  of  ma^ic^^;^ 
between  whose  poles  the  same  number  of  powerful  wire  coils  vi^e^^jto 
made  to  rotate.     The  movement  of  these  coils,  which  were  fis=::  aJ 
on  n  common  axis,  w:»s  accomplished  by  means  of  a  steara  ^^o- 
gine  of  several  horse  power. 

SIEMENS*   MACnrNE. 


ypj.  340. 

Fig.  340  represents  a  dynamo  machine  constructed  by  Si.* 

mens  in  1854,  fur  working  telegraph  Hnes.  Sand  N  are  two  rt>'^^* 
of  permanent  bar  magnets  ;  the  upper  ones  with  their  north  et:*  <3* 
and  the  lower  ones  with  their  south  ends  are  in  contact  wilt*   * 
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hcftvy  plate,  P,  of  soft  iron.  The  soft  iron  armature  or  inductor  is 
fts  long  as  the  magnet  syatem  ia  wide,  and  ia  cut  in  deep  longitudi- 
nal grooves,  aa  shown  in  the  cross-section,  fig.  341.  This  is 
mounted  upon  two  screw  points  between  the  poles  of  the  mag- 
net system,  and  is  capable  of  being  oscillated  in  an  angle  o£  a 
few  degrees  by  means  of  a  handle,  H  (figs.  342  and  343),  so  that 
when  thia  ia  raised  the  upper  edge  u£  the  armature  o  o  comes  in 


H 


ng.  341 


Fig.  342. 
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contact  with  the  south  pole  S  of  the  compound  magnet  syatem, 
and  when  depressed,  the  lower  edge  «  u  in  like  manner  comes  in 
contact  with  the  north  ]>olc  N.  The  play  of  the  lever  or  handle 
H  is  limited  by  adjustable  screws  fixed  in  the  frame  A.     The 
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nonnal  posution  of  tlie  key  is  that  shown  in  fig.  342,  and  H  u 
inaiiLlaineil  in  that  position  by  the  spiral  spring  S,  attached  to 
the  triangl';  I)  (fig.  340).     A  coil  of  fine  insulateLl  wire  iflwoand 
longiludiually  in  the  grooves  of  the  armature  or  inductor  E.u 
shown  in  fig.  344^     One  end  of  the  coil  wire  of  the  inductor  isnl- 
tached  to  the  screw  B  on  the  terminal  K,  which  is  connected  with 
the  line,  and  the  other  end  of  the  coil  is  connected,  with  the  metil 
frame  8up{K>rtiTig  the  armature,  and  through  the  axis  /  lo  the 
upright  supjwrt  Q,  from  which  a  wire  is  carried  to  the  tenniial 
i,  and  thence  to  the  earth.     When  the  handle  is  depreseed  % 
positive  magneto-electric  current  is  induced  in  tbe  coil,  which  m- 
calates  also  in  the  line  wire,  and  a  negative  current  is  iudaoed 
by  permitting  the  key  to  return  to  its  normal  position. 


E 
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HJORTH'S  MACHiyE. 

In  October,  1F54,  Soren  ITjonh,  of  Copenhagen,  applied  for  ». 
patent  in  England,  which  waa  granted  in  April,  1856,  for  a  d^-. 
namo-electric  machine,  in  which  the  principle  of   augmcutixLf^ 
electric  currents   by  the  reaction  of  electro-magnets  ujwn  e«Mdi 
other  was  employed     The  general  appearance  of  thia  mactkiwe 
is  shown  in  fig.  846. 


Ht  magnet  M,  and  the  poles  of  a  series  of  electromagnets,  E  E. 
The  main  features  of  the  invention  consist  in  applying  the  per- 
manent magnet  M  in  connection  witli  the  electro-magnetfl  K  E, 
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in  auch  a  manner  that  the  currents  induced  in  the  coils  of  the 
revolving  armatures  A  A,  are  allowed  to  circulate  througii 
coils  of  tbe  eleotro-magnete;  and  aa  a  consequence  of  this  actioql 
the  more  the  electro-magnets  are  excitcil  in  this  manner,  thv| 
more  will  the  armatures  A  A  Iw  excited,  and  the  more  electricity 
of  course  will  he  induced  in  the  respective  coiL?;  and  while  »i 
mutual  and  accelerating  force  is  thus  produced  in  this  uiannc 
between  the  electro- magnets  G  E  and  the  armatures  A  A  ^n  od* 


fX9.  3«e. 

ditionol  or  aecondarj'  current  is  at  the  same  time  indaoed  in  Uio 
coils  uf  the  electro-magnets  by  the  motion  of  the  armaturea,  which 
current,  afwr  passing  the  commutator,  flows  in  the  same  dirtoj 
lion  as  that  of  the  primary  current     Tlic  direction  of  the  cur-1 
rent  induced  in  the  coils  of  the  armatures  will  of  courao  bo 
reversed  according  to  the  change  of  the  respective  potariliea,  i 
the  commutator  is  therefore  applied  for  the  purpose  of 
the  current  to  0ow  constantly  in  ono  directiton.     By  the  rao* 
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action  between  the  clectromagiietij  of  ihe  armature  and  the 
electro-magnets  of  the  field  an  accelerating  force  was  obtained, 
resulting  in  the  production  of  electricity  in  greater  quantity  and 
povcr  tlian  had  ever  been  obtained  from  any  dynamo-electric 
generator  previously  invented.  We  shall  see  further  on  how  this 
great  discovery  of  Hjoith,  after  remaining  apparently  unnotioal 
■for  a  dozen  years,  was  rediscovered  by  Siemens,  Varley  and 
"Wheatstone,  and  resulted  in  a  complete  revolution  in  the  prac- 
tical application  of  dynamo-electric  science. 
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I  Fig.  S-16  represents  the  Holmes  machine,  invented  in  1855, 
nd  employed  by  the  Alliance  Company  in  lighting  some  of  the 
coasts  of  France  and  England,  in  which  steel  magnets  were  u.sod, 
between  whose  poles  artnalurei),  furnished  with  coils  of  insulated 
wire,  were  made  to  rotate,  when,  by  the  iiiduclivs  action  thus 
Kproduced,  alternating  currents  were  set  up  in  the  coils,  and  con* 
"\eyed  to  the  electric  lamps  without  being  changed  into  a  con- 
tinuous current  by  meanH  of  a  commutator. 

ITH2  SISHEKS  CYLINDRICAL   AR&tATURB   MACHINE. 
In  1856  Dr.  Werner  Siemens,  of  Berlin,  invented  an  armature 
which  wanau  advance  upon  Faraday's  original  conception,  and  by 


/li(.   347. 

the  inductive  action  waa   considerably  multiplied.     In 
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yielding  to  the  Influence  of  ceutrifiigal  force  wlien  the  bobbin 
rotates.  The  parts  of  tiic  iron  cylinder  left  uncovered  form  iUe 
polar  ends  of  the  coil  The  bobbin  revolves  ou  tho  axis  of  the 
cylinder,  and  in  a  semi-cylindrical  cavity  formed  in  the  iron 
aniuitnre  m  n,  fitted  to  the  two  poles  of  the  inducing  magnet  M, 
as  shown  in  fig.  347.  The  two  ends  of  the  wire  of  the  coil  ter- 
minate in  a  commutator  shown  at  the  end  of  the  axis  of  the 
l>obbin,  on  which  press  two  springs  connected  with  the  circuit 
This  annature  is  more  fully  sbown  in  figs.  S48  to  baO. 


Lilia 


The  metal  disk  J  is  fixed  upon  the  top  of  a  battery  of  perma- 
[nont  magnets  G  G,  G'  G',  which  are  screwed  to  an  upright  soft 
iron  plate  n  ((ig.  350).  Between  the  poles  of  this  system  of  per- 
manent magnets  is  placed  a  cylinder  of  soft  iron,  E,  whicli  8er\'e8 
as  the  keeper  or  armature  of  all  llie  magnets.  This  arrangement 
which  is  the  Siemens  cylindrical  armature,  is  channelled  longitU' 
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dinally  with  two  deep  broad  grooves,  on  opposite  sides,  b^wen 
in  fig.  350.     A  coil  of  fine  insulated  wire  is  wound  longitadi- 
nally  within  these  grooves,  as  seen  in  fig.  S4&.     The  whole  «!»»- 
ture  13  supported  by  brass  caps,  F  F',  in  pivotft  above  andbelo''** 
Above  the  armature  coil  the  pinion  T  gears  into  the  toothed »ke»®^ 


f\g.  360. 

L,  which  turns  upon  its  axis  by  means  of  the  handle  H  above 

disk  J.    When  the  coil  is  turned  half  rnund  on  its  vertical 

the  polarity  of  the  armature  is  changed,  and  a  dynamo-elecC::^        ^^ 

current  is  induced  in  the  armature  coil  in  one  direction,  a'    — 

upon  turning  it  half  a  revolution  further  round,  so  that  it  ta 

up  its  former  position,  a  current  in  the  opposite  direction  i^ 

duced. 

PACINOrn'S  BINR  ARMATURE   MACHDOE. 

Figure  851  represents  a  machine  invented  by  Br.  Anioc 
Pacinotti  in  1801,  in  which  a  rotating  armature  of  annular  ioa 
and  a  segmental  commutator  is  employed.     The  apparatus  < 
sists  of  a  cast  iron  ring,  provided  with  sixteen  equal  lecth; 
ring  is  supported  by  four  amjs  of  brass,  which  connect  it 
the  shaft  of  the  machine.     Between  the  teeth  small  trinnga' 
wooden  prisms  are  placed,  and  into  the  hollow  spaces  betwt**  "^^ 
the  prisms  and  the  teeth  coils  of  silk  covered  copper  wire  arc  fitte^^*^ 
In  all  the  helices  the  wire  is  coiled  in  the  same  manner,  &  :^^" 
each  of  them  is  formed  of  nine  spirals.     Two  consecutive  co^  ^^ 
are  scparaled  from  each  other  by  an  iron  tooth  of  the  wheel,  a- *^" 
by  the  small  triangular  wooden  prism.     The  end  of  the  copp>*r 
wire  of  each  coil  is  fastened  to  the  piece  of  wood  which  separ^**^ 
the  two  coila. 


L 


11  the  wires  arc  grouped  on  the  axle  which  carries  the  wheel 

constructed.     One  extremity  of  these  wires  forms  the  end 

ae  coil,  and  the  other  the  beginning  of  the  following  coil, 
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and  this  is  effected  by  causing  them  to  pass  through  holes  m^-^* 
for  this  purpose  in  a  wooden  collar  centred  on  the  same  w^^^^ 
and  then  attaching  them  to  the  commutator,  which  is  likew^^^^ 
mounted  on  the  axis. 

This  conimutalor  consists  of  a  small  wooden  cylinder  havi 
on  its  circumference  two  rows  of  sockets,  into  which  fit  sixtu*       *^ 
brass  pieces,   eiglil  into  the  upper  and  eight  into  the  lo 
sockets,  all  couceutric  with  the  wooden  cylinder,  over  whi' 
they  slightly  protrude,  and  wliose  thickness  separates  one 
horn  the  other.     Each  of  these  "brass  pieces  is  soldered  to  the  l 
ends  of  the  wire  which  correspond  to  the  two  consecutive  coi 
so  that  all   tho   coils  cominunicnto  with  one  another,  each 
them  being  connected  to  the  following  one  by  a  conductor, 
of  which  is  formed  by  one  of  the  brass  pieces  of  tho  oonimuta' 
If,  therefore,  twro  of  these  bra.ss  pieces  are  placed  in  communi 
tion  with  a  battery  by  means  of  two  metallic  rollers,  the  cu 
on  dividing  will  travei-se  the  helix  on  either  side  of  the  pointfi 
whence  start  tiic  ends  of  the  wires  attached  to  the  brass 
which  communicate  with  Iho  rollers,  and  the  magnetic  poles 
appear  in  the  iron  ring.    On  these  iwles  act  tho  poles  of  a  fix 
electromagnet,  whicli  determines  the  rotation  of  the  transvi 
electro -magnet.     When  it  is  in  motion,  the  poles  are  always 
produced  in  the  fixed  positions  which  correspond  to  the  co 
municalions  with  the  battery, 

Wilde's  skpabately  excited  MAcnufE. 

Mr.  Wilde,  of  Manchester,  in  186S,  constructed  a  machine 
which  he  substituted  in  place  of  steel  magnets,  eleetro-magn 
excited  by  the  current  from  a  separate  machine. 

As  shown  in  fig.  Sd2,  this  machiue  was  composed  of  t 
parts,  of  which   the  upper  one  was  a  small  machine,  witl 
magnet,  M,  of  16  plates,  between  whose   poles,  m  n,  rotatec^B—    * 
Siemens  armature.     This  small  machine  was  placed    upon         -^S" 
iron  plate,  p,  which  served  as  a  connecting  piece  to  the  brano 
A  B,  of  the  inducing  electro-magnets,  formed  of  iroa  pl^ 


i«S 


"woand  round  with  thick  wires,  and  terminated  by  the  two  jwlar 
pieces  T  T,  between  wliic}i  the  induction  c(>\\  turned.  As  the 
znacbine  made  about  2,000  revohitions  [kt  ininuie,  great  heating 


Fiff.  362. 

"Wns  produced^  to  neutralize  which  a  channel  was  made  in  the 
plate  of  copper,  i,  which  separates  the  polar  pieces  T  T,  through 
^hich  a  current  of  cold  water  was  made  to  circulate. 

The  commutator  of  the  apparatus  was  placed  at  the  end  of 


^ 
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the  axle  of  the  coil,  from  which  the  carreut  was  coUeclod  by 
moaas  of  two  springs  pressing  against  it  The  armature  rotated 
also  in  bearings  placed  in  the  cro«s  pieces  F,  which  support  it 
at  its  e.xtremitie-». 

Under  the  influence  of  the  movement  given  to  the  machine 
M,  the  induced  current  excited  iu  the  armature  o  presented 
itself  at  the  two  binding  screws^  y,  wliicli  were  connected  with 
the  two  ends  of  the  wire  of  the  electro  magnet  A  B,  and  the 
arni;iture  rotating  between  the  pole  pieces  T  T,  supplied  the 
induced  currents  required  to  produce  the  light 


SELFEXCrriNO   DYKAMOELECTRIC  GEXERATORa 

All  the  dynamo-electric  machines  which  had  thus  far  been 
put  into  practical  use  had  depended  for  their  action  upon  the 
severance  of  an  armature  from  a  permanent  magnet,  or  upon 
its  revolution  in  a  permancntl)"  excited  magnetic  Held. 

In  1867,  another  important  principle  of  action  waa  brought 
prominently  into  public  notice,  and  at  once  led  to  a  new  de- 
parture iu  the  construction  of  dynamo-electric  generators.  Thia 
principle  of  action,  which  was  destined  to  work  so  great  a 
change  in  the  appliances  for  transferring  mechanical  power  into 
electric  enci^y,  consists  in  thi.s  that  when  the  current  produced 
by  the  severance  of  an  armature  surrounded  by  a  conducting 
wire  from  the  poles  of  an  electromagnet  is  sent  through  the 
coils  of  the  same  magnet  that  produces  the  magnetiitm,  a  kind 
of  regeoeratory  action  is  set  up.  There  must  be  a  magnetic  field 
to  eommeuce  the  action,  and  in  the  Grst  experimcnta,  this  initial 
amount  of  magnetism  was  produced  by  means  of  a  small  bat- 
tery connected  wiih  a  separate  coil  on  the  eloctromagneta ;  it 
was  soon  found,  however,  that  no  such  initial  oxcitemeni  waa 
neccflsary,  but  that  terrestrial  magnetism  sufficed  to  induce  in  llie 
bars  of  the  electro -magnets  a  magnetic  action  sufficient  to  canae 
a  slight  current  in  tbe  coils  of  the  rotary  armalxire,  which,  in 
passing  through  the  colls  of  the  field  magnets,  increaxed  thwr 
magnetic  tendency ;  the  result  was  an  increased  tndn 
and  an  increased  induced  ourrent ;  this  again,  r- 
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the  coils  of  the  field  mngnets,  further  increased  tbe  mngnetic  in- 
tensity, giving  rise  to  increased  inductive  action,  and  to  a  current 
of  increased  intensity.  The  accumulative  action  thus  set  up  con- 
tinued to  the  point  of  magnetic  saturation  of  the  iron  cores  of  the 
electro- magnets.  Up  to  that  point  the  resistance  of  the  rotary 
armature  rapidly  increases,  thus  causing  a  direct  conversion  of 
raechanical  into  electrical  energy.  This  is  the  principle  upon 
which  dynamo- clcctrio  machines  arc  now  generally  constructed. 

The  discovery  of  this  self-oxciling  principle  of  action  was 
first  publicly  communicated  by  Dr.  Werner  Siemens,  to  the  Berlin 
Academy,  on  the  I7th  of  January,  1867;  it  was  subsequently 
communicated  to  tlie  lioyal  Society,  by  his  brother,  Sir  William 
Siemens,  ou  the  4th  of  February,  1867 ;  and  by  Sir  Charles 
Wbeatstoue  on  tbe  14th  of  tbe  same  month;  both  communica* 
tions  being  read  on  the  same  evening.  It  was  also  describal  by 
S.  Alfi*ed  Varley,  in  an  application  for  an  Kngli.<ih  patent,  dated 
December  24th,  1866,  but  which  was  not  published  until  July, 
1867. 

We  have  already  seen  that  tbe  principles  of  this  great  dis- 
covery were  embodied  in  Hjortb'a  machine,  invented  in  1854. 
It  is  true  that  Hjorl)i  employed  a  permanent  magnet,  in  con- 
junction with  the  electromagnet,  to  produce  his  magnetic  field; 
but  while  the  presence  of  the  permanent  magnet  was  not  neces- 
sary to  tlie  action  of  the  machine,  it  did  no  barm,  and,  more- 
over, it  is  still  retained  in  dynamo  electric  machines  use<l  in 
electro- plating,  to  prevent  changes  in  the  polarity  of  tbe  current ; 
bat  whether  it  was  retained  or  omitted,  Iljorth's  generator  accu- 
rately illustrated  the  great  principle  of  the  self-exciting  dynamo- 
electric  machine,  the  public  announcement  of  which  by  Siemens 
and  ■WbeatBione,  a  dozen  years  later,  was  folhiwed  by  such 
remarkable  results.  The  invention  did  not  consist  in  dispensing 
with  the  permanent  magnet,  although  this  was  an  interesting 
Mcompanimentof  ita  development  for  electric  lighting;  but  in 
the  use  of  electro-magnets  in  the  magnetic  field  whose  coils 
•  connected  with  those  of  the  armature  that  each  could 
duco  a  regenerating  effect  upon  the  other. 
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TIlis  invention,  as  we  have  seen,  was  fully  deseribcd  and 
illustrated  in  Hjorth's  application  for  an  English  patent  in  lSd4« 
and  he  is  therefore  unquestionably  entitled  to  the  credit  of  difr- 
covering  this  great  regenerating  principle  of  action,  even  if  he 
did  not  rely  ujKm  thia  action  alone  to  excite  the  field  of  \m 
dynamo^leotric  macliine 


M     Vl 
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^ 
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Fig.  353 

The  first  machine  embodying  tlie  regenerating  priooiplfs  of 

action,  discovered  by  Hjnnh.  which  was  construct*?*!  nritboat  a 
permanent  magnet,  appears  to  have  been  made  by  Mr.  A.  >J»r'^' 
of  London,  for  Sir  Charlw  W)>catston«,  in  186*1     '^•-  - 
is  represented  in  lig.  3dSw     It  conaisls  of  tw 
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wound  round  with  insulatcfl  copper  wire,  fixed  in  an  upright 
posiiion,  with  a  Siemens  annatiire  rotating  between  the  two  jx)l© 
pieces  T  T.  It  is  provided  with  a  commutator,  placed  at  the 
end  of  the  axle  of  the  armature,  for  the  rectification  of  the  cur* 
rents  before  tlicir  transniiiision  roimd  tlie  electro- magnets. 

Fig.  954  showtt  liie  arraiigemeutof  the  circuit  iu  this  machine. 


m 


JT 
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A  is  the  Siemens  armaturo,  and  I  I'  are  the  two  coils  of  the 
electro-magnet,  constituting  the  field.  The  oontinuous  current 
produced  by  the  armature  A,  after  being  rectified  by  the  com- 
mutator, traverses  the  coils  of  the  inducing  magneta  I  and  I'  at 
the  same  time  as  the  arc  which  it  feeds,  and  therefore  the  mag- 
netic field  depends  on  the  strength  of  the  traversing  general 
ourrent. 

ljldd's  sepakately  excited  uachive. 

Fig.  355  represents  a  machine  oonstructc<l  by  Ladd  in  1867, 
which  employs,  like  the  Wildo  machine,  two  Siemens  anna- 
turos,  but  diifcrs  from  the  latter  principally  iu  not  having  any 
permanent  magueU  to  charge  the  armature  which  supplies  the 
horizontal  field  coils  E  B.  Two  lung  fiat  pieces  of  soft  iron  are 
placed  within  these  coils  and  arc  attached  to  the  iron  castings  or 
pole  pieces  MM,  NN,  which  are  turned  out  just  lui^e  enough 
for  the  armatures  to  fit  iuside  of  them  aud  rotate  without  touch- 
ing. Thick  strips  of  brass,  or  other  non-magnetic  metal,  are  also 
placed  between  the  upper  and  lower  castings  M  aud  N,  to  keep 
theffl  separate  from  each  other,  atyl  thus  subjeot  the  annatures 
m  to  iho  full  force  of  their  inductive  action. 
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ain  amount  of  heat  must  descend  from  a  point  of  high-poten- 
tial to  a  }X)int  of  low  potential,  is  not  involved.  Theoretically 
speaking,  a  certain  amount  of  mechanical  force  can  be  converted 
entirely  into  electrical  force ;  and  electrical  force,  theoretically 
Bpeakiug,  can  be  bo  converted  into  dynamical  force.  Practically 
cpeaking,  however,  that  ia  not  sa     There  are  necessarily  losses, 


-  Fig.  357. 

■ 

«nd  one  of  these,  which  is  self-evident,  is  that  the  current  passing 

through  the  coils  must  produce  resistance,  and  electrical  resist- 
ance, wherever  it  appears,  converts  electric  energy  into  heat 
energy.  J^gain,  the  iron  bars  which  are  magnetized  and  demag- 
netized at  every  half-revolution  set  up  currents  in  themselves, 
■ior  it  ia  natural  that  instead  of  the  current  flowing  only  through 
the  convolutions  of  the  wire,  the  iron  itself  being  a  metal,  some 
current  will  be  set  up  in  it,  and  this  current  so  set  up  produces 
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the  effect  of  heating  the  iron;  it  simply  circulates  rnund  and 
round,  forming,  as  it  were,  electrical  eddies  which  must  be  pro- 
ductive of  heat  These  losses,  however,  can  bo  diminished 
almost  indefinitely  by  increasing  the  size  and  conductivity  of  the 
wires,  and  as  regards  the  iron,  a  form  of  armature  has  been  de* 
vised  which  is  best  illustrated  in  the  Gramme  machine,  ihc 
original  conception  of  which  is  due  to  Dr.  PaeinoltL  Thisconsists 
in  putting  the  iron,  constituting  the  core  of  the  armature,  in  the 
form  of  wire  coileil  round  and  round  a  non-conducting  Ixxly, 
which  is  surrounded  in  its  turn  by  the  insulated  copper  wire 
forming  the  coils  of  the  rotating  armature.     The  irou  wires 


\-^^ 
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being  surrounded  by  a  nonconducting  material,  electric  eddies 
cannot  circulate  in  the  direction  in  which  tliey  would  occur, 
namely,  transversely  to  lliat  of  the  wires,  whereas  the  magnetic 
poles  induced  by  the  field-magnets  are  free  to  advance  within 
the  iron  wires  at  the  rate  of  the  rotaUve  motion  imported  to 
them. 

Fig.  857  is  a  general  view  of  the  Gramme  machine,  whidi  con* 
Bists  of  two  cylindrical  electro-magnets  with  their  combiood 
poles  extended  by  pieces  of  iron  of  euch  aliape  as  nt*; 
velop  the  armature  which  rouitea  between  them.  Vi^.  .^ 
skeleton  diagram  of  the  working  jmrts  of  the  macht 
the  ring  armature  rotates  between  the  polcJ  ^ 
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slioe  electro-magnet  witii  vertical  lim!>s.  The  rommutator,  a 
S<;neral  view  of  wbich  is  shown  in  lig.  369,  consists  of  a  number 
of  separate  bars  of  copper  tixed  round  the  periphery  of  the  axes, 
'Wrhile  above  and  l)elow  are  the  contact  brushes  which  touch  the 
l^ighestand  lowest  pieces  of  tlie  commutator  respectively.  In 
%\ie  diagram,  fig.  353,  the  ring  is  inwrapped  by  a  continuous 
Vielix  of  twelve  turns:  each  one  of  which  is  connected  with  one 
of  the  twelve  copper  strips  of  tlieoommutator.  The  armature  is 
supposed  t*D  rotate  in  the  siime  direction  as  tlie  bands  of  a  clocks 
s^nd  therefore  the  separate  turns  or  coils  in  the  upper  half  of  the 


TiTip  are  moving  frorn  S  toward  N,  white  those  of  the  lower 
half  are  moving  fmm  N  toward  S.  Direct  currents  will  be 
generated  in  all  the  coils  tbntareon  the  right-hand  of  the  diame- 
ter, and  inverse  currents  in  all  the  coils  on  the  left  The  small 
arrows  show  the  directions  of  these  currents.  By  following  out 
the  various  turns  of  the  spiral  it  will  be  seen  that  all  the  separate 
currents  inducotl  in  the  individual  turns  of  the  spiral  on  the  left 
of  the  vertical  diameter  are  in  the  same  direction  along  the  wire, 
and,  therefore,  all  help  one  another  in  producint;  a  strong  cur- 

Erh  the  electro-motive  force  in  each  may  not  be  eqwal. 
jest  force  is  in  the  coils  that  are  passiug  closest  to  the 
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poles.  In  the  right-liftTid  half  of  the  spiral  the  individual  cm — 
rents  are  all  flowing  in  the  opposite  direction.  Up  each  aide  o^ 
the  ring  armature,  therefore,  tliere  is  a  strong  current  flowing, 
drawing  clectricil\'  from  the  lowest  and  urging  it  toward  the- 
highcst  point  As  the  bars  of  the  commuUitor  are  separate,  and 
each  is  insuhiteil  from  the  others  and  from  the  axis,  do  electri- 
city can  flow  into  any  of  them,  except  the  two  bars  that  occupy 
the  highest  and  lowest  points,  which  touch  the  contact  brushes 
communicating  with  the  external  circuit  By  this  means  the 
.  electrieiLy  ttiat  passes  up  both   right  and  left  of  the  ring 


?B 


Fig.  360. 

ture  can  flow  into  the  upper  contact  brush  and  thence  into" 
leading  wire  of  the  circuity  which,  therefore,  haa  a  constant  cu 
rent  urged  through  it  A  corresponding  action  goes  on  at ! 
lower  contact  brush;  from  this  point  electricity  is  drawn  hoi 
to  the  right  and  to  the  left,  being  supplied  by  the  return  wire  of 
the  circuit  The  current  thus  furnished  is  practically  oonUauoua; 
for  though  the  contact  is  made  first  witli  one  hsLV  of  the  commu- 
tator and  then  with  another,  as  fast  as  they  arrive  at  the  vertical 
diameter,  the  currents  on  the  two  sides  of  the  ring  armature  will 
evidently  flow  toward  the  point  where  the  contact  is  made;  and 
there  can  be  no  breach  in  the  continuity  of  the  current  becauso 
one  bar  of  the  commutator  does  not  cease  to  toueb  the  brushes 
until  contact;  is  made  with  the  next,  and  also  because  thcrx;  are 
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always  a  certain  number  of  tarns  ol  the  iipind,  on  both  tbe  ri£^^ 
and  on  the  left,  in  which  the  elementary  currents  are  bein^  "^ 
dueed. 

Ill  tliedynanio-eleotric  generutors  in  jiractical  use,  the  coils  ot 
the  ring  armntnre  are  made  up  of  many  hiindreLls  of  lurna  (I^-  ^ 
fig.  860),  aiid  these  are  grouped  in  sixty  sections,  the  wire  at.  *-  ^^ 
end  of  each  section  being  joined  to  the  wire  at  the  Wginnin^    <^, 
the  next,  and  the  jun(^li()u  connected  directly  witli  one  of     *-lii! 
twenty-four  bars,  B  R,  of  tlie  commuUtor.     The  iron  ring,  A.»    ^ 
coni])osed  of  a  continuous  length  of  iron  wire  wound  intoaGMivl 
circular  Imnk  upon  a  wooden  ionn,  wliicli  i^  removed  when 
ring  is  complete      The  wire,  while  it  is  being  coiled^  pa 
through  a  hath  of  bitumen,  whiuli  binds  the  whole  tc^etlier, 
insulates  llie  convolutions  of  the  wire.     By  this  means  tbe  c- 
currents  within  the  core  are  reduced  to  a  minimum,  magnct^i 
tio;>  is  mure  rapid,  and  the  lines  of  magnetic  force  within     • 
ring  arc  maintwiiietl  j)arallel  ia  direction  to  the  convolutioa^' 
the  iron  wire,  and  therefore  with  the  annular  axis  of  the  nag-^ 

Fig.  361  represents  an  inijnwcd  form  of  the  Gramme  «:^itt' 
chine,  designed  by  Mr.  J.  J.  Wood  and  manufactured  by  "^C-^e 
Fuller  Elocti-ical  Company.  The  field  ia  constructed  of  i 
tangulur  bars,  a,  of  wrought  iron,  with  rounded  edges,  joihe<l  » 
the  ends  by  heavy  cast-iron  plates,  i  h.  The  pole  pieces,  c  e^  ar*^  ol 
cast  iron,  bolted  to  the  rectangular  magnetic  bars,  and  eocii^^K^' 
at  their  ends  by  non  magnetic  compoeitiou  plates.  Tlie  curr^^enl 
regulator,  (?,  whicli  is  on  the  front  end  of  tlie  machine,  is  a  ha  "■  "J* 
wheel  designed  for  ))lacing  the  brushes,  which  collect  iho  oiirr^^iti 
in  a  position  around  the  commutator  from  the  maximum  to  '■lie 
minimum  point,  or  vice  versa,  as  required.  This  wlteel  isgr3-<^*u- 
ated  BO  as  to  represent  the  number  of  lights  the  machine  is  <'c- 
aigned  to  operate.  A  spring  latch| «,  holds  the  wheel  in  a  posiC'  ion 
corresponding  to  the  gi-aduation,  to  represent  the  diflerent  ii«-«tu- 
bers  of  lighta 

The  brushes  which  collect  the  current  are  connected  wiiii    the 
coils  of  the  field  magnets  in  such  a  manner  that  ihecurrentfrx'iu 
the  brush  on  one  side  of  the  commutator  passes  through  tbe  two 
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jer  magnet  coils,//  and  thence  to  the  binding  post,  /* ;  while 

rTont  from  the  brush  on  the  other  siiio  of  the  commutator 
thruugh  the  under  coils,  g  y,  and  thence  to  a  correspond- 


binding  post  on  that  side  of  the  machina  These  binding 
s  are  placed  on  the  end  of  the  machine  nearest  the  pulley, 
ID  such  a  position  that  no  one  could  come  in  contact  with 
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View  of  the  urnmture,  showing  its  interior  construction.  In  the 
sectional  elevation,  t  represents  the  spider,  which  is  made  of  gun 
metal,  and  to  which  the  iron  ring,/,  on  which  the  coils  of  copper 
wire  are  wound,  is  fastened;  the  whole  being  firmly  keyed  to 
tbe  shaft,  k\  This  ring,  which  is  compo:«ed  of  annealed  iron  wire, 
and  insulated  in  the  process  of  manufacture,  is  in  direct  contact 
with  the  gun-metal  spider,  the  object  of  this  being  to  absorb  any 
heat  tliat  may  be  produced  in  the  ring,  il  The  spider  is  so  con- 
structed as  to  produce  a  fan-like  motion,  causing  a  strong  current 
of  air  to  circulate  through  it,  and  thus  dispersing  the  heat  as 
rapidly  as  it  is  produced. 
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The  small  caps,  /  4  held  by  the  screws,  m  m,  hold  the  iron  ring 
of  the  annature  in  position.  The  wooden  strip, »,  with  the  space 
Of  of  which  there  is  one  iu  each  arm,  prevents  the  genenition  of 
currents  in  the  caps,  iF  I,  and  also  serves  as  a  means  of  balancing 
the  armature.  The  advanuige  of  this  in  that  the  balancing  is 
done  exactly  at  the  periphery.  The  commutator, />,  Is  composed 
of  sections  of  copper  insulated  from  one  another,  and  so  con- 
structed that  any  section  can  be  removed  without  materially  in- 
terfering with  the  remaining  sectiotis.  This  commutator  is  oon- 
neoted  with  the  armature  by  a  j)eculiar  form  of  screw  clamp,  r  r, 
and  is  not  soldered. 
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An  important  advanti^e  which  this  armature  possesses 
the  original  fonn  designed  by  Gmmme  is  that  it  has  little  or 
tendency  to  become  short-eireuitcd  or  overheated.    la  the  oi^ci: 
fonn  of  the  Granime  arraatiire,  the  centre  was  composed  o-  ^ 
wooden  block,  which  waa  driven  into  place  under  great  pressn::^ 
which  not  only  tended  to  disarrange  the  wires  and  injure  the 
sulatioii,  but  entirely  prevented  any  cireuhition  of  air  tbroL^— ^ 
theni.     In  tlie  older  form,  also,  the  coils  after  a  time  bcca^k— 
very  tightly  packed,  the  hub  sometimes  became  loose,  and 
proper  balance  was  destroyed ;  a  condition  which  it  is  impcz^^aswi. 
ble  to  entirely  correct,  but  which  cannot  occur  in  the  new  fa 
as  there  is  no  strain  whatever  on  the  conducting  wires. 

Another  peculiar  feature  in  the  construction  of  this  armat-«-::^nf^ 
and  an  improvement  over  that  of  older  forms,  is  in  the  factfc1rr»at, 
where  the  connecting  wires  are  attachal  to  the  commutator,  tlzaey 
are  enlarged  to  four  times  their  sectional  area,  which  cnla-r-^. 
meut  continues  as  far  back  as  the  band,  s  a  8,&o  that  the  ^  i  -ves 
are  lield  rigidly  in  j)Osilion,  thereby  preventing  any  tend^rmcy 
either  to  vibrate  or  l)peak.     In  machines  constructed  hereto  f<^« 
for  high  tension  currents,  in  which  small  wires  are  neoessa-*"'^/ 
used  in  the  armature  coiU,  the  constant  vibnitions  of  the  writes 
at  the  point  of   attachment  to  the  commutator  rendered  tb  «^di 
hard  and  brittle,  so  tliat  in  a  short  time  they  would  break,  SLttd 
in  some  instances  machines  were  seriously  damaged  in  coti=*- 
quence.     The  plan  above  described  effectually  prevents  sact*  & 
result 

The  improved  Gramme  generator  is  made  in  sizes  raag^  '^i 
from  tho^  of  800  pounds  weight, — generating  a  current  of  thi  »^J 
amperes  and  sixty  volts  at  a  speed  of  1,260  revolutions  I^^ 
minute,  and  producing  a  light  of  C,000  nominal  candle- powei*»— 
to  those  of  3.500  pounds  weight, — ^generating  a  current  of  '•^ 
amji^res  and  2,500  vulu  and  prcKluoing  fifty-five  standard  lij^^l* 
of  2,000  nominal  candle-power  each,  at  a  speed  of  850  rev^^o- 
tions  ]>er  minute, — being  one  of  tlie  l&t;gest  machines  in  ligh^*^ 
capacity,  although  not  in  weight,  of  any  in  use. 

It  is  sometimes  important  to  arrange  a  machine  so  as  to   W 
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able  to  Btop  ite  running  by  shifting  the  belt,  without  stopping 
the  power,  where  it  is  impracticable  to  use  a  loose  palley  on  the 
shafting.  To  serve  iWiA  pur}.>ose.  a  stAndnnl  is  made  to  which  a 
loose  puUev  U  attached,  as  shown  in  %.  865.     It  is  designed  to 


bo  bolted  back  of  tlio  machine,  so  ;i9  to  hold  the  loose  pulley 
concentric  with  tlie  driving  pulley  of  the  muohine.  It  is  filled 
with  a  stationary  oil-cup,  so  arranged  as  to  allow  the  bearing  of 
the  loose  pulley  to  be  oiled  while  in  motion. 

altexbck's  drum  armature  machtxk. 

Tlie  armature  of  this  machine  is  not  tH>natructed  entirely  ac- 
cording to  Dr.  Pncinotti's  idea,  but  involves  it  This  armature, 
which  is  now  lai^ely  used  in  dynamo-el ectrio  machines,  is  rep- 
resented in  lig.  366.  At  first  sight  it  appears  to  be  merely  a 
moilificHtion  of  the  elongate<i  coil  known  as  the  Siemens  arra- 
Rture,  desorilKjd  on  page  64(5,  and  is  frequently  confounded 
with  it  On  a  wooden  bobbin  are  wound  coila  of  insulated  wire 
in  a  direction  }>aralloI  to  it^  longitudinal  axis,  according  to  a 
plan  due  to  F.  Von  HL'fner  Alteneck  of  Berlin,  a  member  of 
the  firm  of  Siemens  Brothers.     Kach  coil  of  wire  thus  wound  is 
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brought  aucccssivelj  into  metallic  connection  with  one  of  lh« 
lanunoo,  through  wliich  the  current  produced  within  the  coil  in 
passing  through  t!»e  magnetic  lieM  is  conveyetl  by  the  cocn- 
mutator  and  its  contact  brusliea  into  the  wire  constituting  iht 
outer  circuit  and  the  ooils  of  tlie  field  ma^et.  A  successioa  of 
currents  is  thus  set  up,  all  flowing  in  the  name  dirrctinn,  and^ 
constituting  in  their  aggregate  a  continuous  flow,  Tiic  chief  a^l- 
vantage  claimed  for  this  arrangement  is  that  the  whole  o{  the 
wire  upon  the  armature,  except  where  it  crosses  from  Bide  to 
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aide  at  the  end,  is  effective;  whercua  in  the  Pacinotti  ring  the  | 
copper  returns  on  the  inside  of  the  iron  ring,  so  that  onlv  one 
half  of  ita  length  receives  inductive  effect  in  passing  ihfY>ugh 
the  magnetic  field.  Fig.  867  is  a  perspective  view  of  tljo  ma- 
chine, in  which  the  curved  bura  surrounding  the  armature  are 
of  eoii  iron  of  rectangular  section,  and  are  the  prolongations  of 
the  cores  of  the  jwwerful  electro  magnets,  the  coils  of  wbichj 
uro  long,  flat  bobbins  wound  witli  insulated  wire.  The  nugne 
cores  are  divided  longitudinally  into  several   bam  hftriag  mir 
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between  them,  the  object  of  which  is  to  prevent  cross 
irrenta  being  induced  in  the  magnets,  to  maintain  the  lines  of 
magnetic  force  parallel  to  the  leuglh  of  the  bar,  and  to  permit 
of  a  ciroalation  and  escape  of  air  between  the  revolving  arma- 
ture and  the  magnets,  so  as  to  reduce  the  accumulative  heating 
of  the  machiue.  Of  the  curved  portions  of  the  magnetic  cores, 
each  surrounds  two-sixihs  of  the  circumference  of  the  armature, 
80  that  two-thirds  of  it  are  embraced  by  the  magnets,  and  the 
ooila  of  each  set  of  znaguets  are  bo  wound  as  to  produce  a  con- 


ITg.  361. 


ent  point  or  pole  la  the  centre  of  their  length,  a  north  pole 
ng  produced  in  the  upper  set  of  magnets  and  a  south  jwle 

in  the  lower. 

Thus  a  very  intense  magnetic  fieM  is  formed  within  the 

cylindrical  space  included  between  the  upper  and  lower  seta  of 

maguet  bars,  and  within  this  space  is  revolved  at  a  high  velocity 

the  induction  cylinder  or  armature, 

Tho  action  of  the  machine  is  the  same  as  in  that  of  the  Hjorfeh 
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ileacribed  on  page  543.     When  the  armature  Ls  revolved,    *!** 
residual  magnetism  in  the  cores  of  tte  field  magnets  induced  ^^ 
the  wire  ou  llie  revolving  anmiture  a  weak  electrical  carr^^*-'V 
which,  being  led  llirough  the  commutator  to  the  field  ooils,     i"n- 
creases  their  magnetic  intensity,  and  consequently  that  of   -^l-^e 
imagaetio  field  in  which  the  armature  revolves;  ihc  eiteclof  c^iis 
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action  ia  to  induce  in  the  revolving  conductor  a  stronger  curr^' 
which,  being  again  transmitted  through  the  coils  of  the  magu« 
further  augments  tlicir  })Ower,  and  these  by  their  reaction  ind« 
a  Blill  stronger  current  in  the  conductors.     This  mutual  act^ 
continues  until  the  magnetic  limit  of  the  soft  iron  of  the  elecl 
magneto  ia  attained.     The  maximum  inductive  effect  upon 
convolution  of  the  rotating  coils  occurs  when  it  jKusses  throt 
the  centre  of  the  two  magnetic  fields;  that  is,  approximai- 
when  it  reaches  a  position  j)cr[>endicular  to  the  magnet 
and  the  minimum  effect  occurs  when  the  convolution  is  nt  rij 
angles  to  that  position  ;  or  when  it  lies  parallel  to  the  direct 
of  the  magnet  barei 


J^ 
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Fig.  868  shows  the  arrangement  of  the  wires  in  this  machit^^*'*'* 
The  continuous  current  produced  by  the  armature  A  traven^^^c? 
the  two  field  magnets  or  inductors  I  and  I',  at  the  same  time  tfc=3«/ 
it  traverses  and  feeds  tlie  arc  which  forms  a  part  of  the  circu^K^C 
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5ir  Charles  Wheatstono,  m  his  notable  communication  to  the 
yal  Society,  of  February  14,  1867,  also  announced  another 
y  important  discovery,  namely,  that  by  making  a  cross-oon- 
jliou  between  the  circuit  ptissing  round  the  armature  and  the 
d  a  very  powerful  momentary  effect  is  produced.    This  cross* 


fig.  S70. 

unection  really  serera  the  current  into  two  parallel  circuits,  as 
>wn  iu  fig.  S69,  one  portion  positing  at  onco  out  to  the  electric 
ht^  and  the  other  flowing  around  the  bar-magnets  and  back 
un  to  the  machine.  If  this  arrangement  is  applied  to  a  ma- 
bie  wound  for  a  continuous  circuit,  it  will  not  produce  any 
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useful  result;  but  it  it  is  modified,  as  euggested  by  Sir  'Witll&in 
Siemons,  in  a  communication  to  the  Hoyal  Society  in  1880,  so 
that  the  rosistanco  of  the  wire  on  the  Held  raagoota  is  iocreoaed 
a  hundredfold,  then  a  machine  is  obtained  capable  of  very 
sustained  action,  and  this  kind  of  shunt  dynamo^lectric  machioe, 
as  it  is  called,  has  I>een  since  largely  adopted  in  the  production 
of  electric  light  The  greatest  uniformity  of  current  is  produced, 
however,  by  combining  the  shunt  with  a  method  of  winding  tbe 
coils,  whereby  the  field  magnets  are  fumisbctl  with  two  sepAraie 
coils,  the  one  of  low  resistance  forming  part  of  the  outer  circuit, 
and  the  other  of  higb  resistance,  consisting  of  thin  wire,  forming 
the  shunt  circuit 

DE   MEBITENa*    ALTERNATK   CUHREST   MACmXE. 
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The  De  Meritens  machine  combines  the  principle  of  action  of 
the  machines  of  Holmes  and  Gramme,  and  is  retimrkable  for  its) 
efficiency  in  converting  motive  power  into  electricity  by  induc- 
tion from  a  magnetic  field  produced  by  pcnnaoont  magneta 

The  distinctive  feature  of  tbe  Pe  Meritens  machine  Hen  in 
tbe  construction  of  its  rotating  armature,  whicli,  like  the  Grauume 
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omiAture,  is  in  the  form  o{  a  ring^  and  wound  in  a  similar  way^ 
bat  it  differs  from  it  in  being  made  up  of  a  number  of  segmenta^ 
each  constituting  a  separate  arc-shape<l  electromagnet  with  ex- 
panded poles,  which  are  joined  end  to  end  with  a  tliickncss  of 
insulating  material  between  them,  so  as  to  form  a  oontinnbus 
ring.  This  ring  forms  the  periphery  of  a  wheel,  which  is 
mounted  on  a  horizontal  spindle,  and  is  thereby  rotated  in  a 
vertical  plane  within  a  crown  of  compound  horseshoe  perma- 
nent magnets,  and  just  underneath  their  polar  ends,  the  distances 


of  which  from  one  another  are  equal  to  the  lengths  of  the  arma- 
ture segments,  which  is  tlie  same  as  the  pitch  of  their  poles 
around  the  ring:  and  the  armature  coils,  although  nil  wound  in 
the  same  direction,  ore  so  connected,  that  while  the  current  sent 
into  the  external  circuit  of  the  miiohine  is  alternating  in  direc* 
fcion,  the  currents  generated  in  the  several  parts  of  the  arma- 
ture are  at  any  one  moment  all  of  the  same  sign,  and  therefore 
in  no  way  tend  to  neutralize  one  another. 
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The  magnetic  crown  or  battery  consists  of  eight  horseslioe 
compound  i>emmnent  magnets,  arranged  a^  shown  in  fig-  STO^j 
and  of  tlie  construction  figured  in  detail  at  K,  fig.  371.     Theaaj 
magnets  are  rigidly  attactievl  to  two  circular  frames  of  bfUij 
firmly  bolted  to  the  baseplate,  and  within  the  crown  so  formfidJ 
the  armature  revolves  on   a  horizontal  spindle,  and  its  electro- 
magnetio  inductors  are  so  arrange^l  thatthcJr  polos  in  tlioir  revo- 
lution pass  in  succession  as  close  as  possible  to  the  magnet  poles 
without  actually  touching  them.    The  cores  of  the  induction  hel- 
ices (see  fig.  871)  are  composed  of  a  large  number  of  thin  lami- 
nca  punched  out  of  sheet  iron  ^y  of  an  inch  in  thtcknesB,  and 
laid  flat  one  upon  the  other,  until  a  suflicient  thickness  is  ob- 
tained.    In  the  larger  machines  there  are  fifty  |)lale:s  or  laminae 
composing  each  segment  of  tlie  armature  ring.  The  advantages  of 


rtff.  373. 

this  form  of  construction  arc  twofold :  first,  the  laminated  cbaraotflr 
of  the  armature  coresassists  their  rapid  magnetization  and  demag- 
netization, breakingup  and  otherwise  preventingcrosscurrents  by 
which  their  magnetic  capacity  is  reduced ;  and  second,  the  build- 
ing up  of  the  cores  by  means  of  superposed  plates  of  the  shape  of  iti 
longitudinal    section    ofTcrs   great  facilities  for    construction. 
While  each  segment  of  the  ring  is  thus  built  up  the  ring  itself' 
is  also  compound,  as  shown  in  fig.  871,    The  segments,  after 
having  been  wound  with  insulated  wire,  are  arranged  end  toen4 
around  a  brass  wheel,  with  strips  of  copjxtr  between  them,  so  tm* 
to  break  up  the  magnetio  oootinaity  of  the  ring,  making  each 
segment  a  complete  and  separate  magnetic  inductor,  and  tlicy  j 
nre  firmly  held  iu  their  places  and  together  by  a  boll  pAoiag 
through  each  joint,  which  is  tighu*ncd  by  a  ntit 
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The  action  of  the  apparatus  can  best  be  understood  by  im- 
agining an  extremely  simple  caee  of  a  machine  (illustrated  in 
the  diagram^  fig.  S72),  having  an  armature  ring  built  up  of 
only  four  segments,  one  of  which  is  shfiwn  in  seulion  ibarkcd  A 
*B,  and  revolving  within  the  maguetio  field  of  two  horseshoe 
magnets,  N  S,  N  S,  placed  with  their  poles  at  equal  distances 
around  the  ring,  and  so  disposed  that  any  point  in  the  ring  will, 
Muring  its  revolution,  pass  them  in  auoceasion,  asHuming  thereby 
alternately  north  and  south  polarity. 

The  expansion  of  the  poles,  A  and  B,  so  as  to  become  flush 
with  the  exterior  surface  of  the  fully  wound  coil,  beside  facili- 
tating the  operation  of  winding,  plan's  a  still  more  important 
jwrt,  and  it  is  to  this  that  a  great  portion  oE  tlie  efficiency  of 
the  machine  must  Iw  altribute<l.  By  this  construction,  the  iron 
of  the  cores  of  the  sevend  segments  of  the  ring  is  brought  at  its 
polar  exti^miliea  into  very  close  approximation  to  the  inducting 
magnets,  N  S,  in  its  passage  beneath  tliem,  and  it  is  for  that 
reason  in  the  best  possible  condition  for  being  influenced  in  pass- 
ing through  their  magnetic  field. 

The  action  of  the  machine  illustrates  clearly  the  principle  of 
that  group  of  phenomena  which  is  known  as  Lcnz's  law.  Thus, 
suppasing  the  armature  to  be  rotating  in  the  direction  of  the 
hands  of  a  wiitcb,  the  jwle  piece^  A,  approaching  the  nortli  pole, 
N,  of  the  permanent  magnet,  will  cause  an  electric  current  to  be 
induced  in  the  coil,  A  B,  in  a  certain  direction,  while  the  oppo- 
site pole  piece,  B,  will,  in  receding  from  the  same  magnet  pole, 
\'Nf  canse  the  induction  of  a  current  in  the  coil,  A  B,  in  the  same 
direction  as  is  produced  by  the  approach  of  the  i>ole  piece,  A ; 
the  two  effects  are,  therefore,  added  together,  and  at  the  same 
time  the  current  is  still  further  increased  by  theconvolutioiui  of 
the  coil  of  the  same  core  passing  from  left  to  right  through  the 
magnetic  field  of  the  magnet,  N.  As  the  coils  of  all  the  seg- 
ments are  wound  in  the  game  directlou,  the  next  segment  which 
passes  below  a  south  pole  at  the  same  moment  as  the  segment 
A  B  is  passing  below  a  north  ]k>1o  will  have  induced  in  its 
helix  a  current  of  electricitj'  in  the  reverse  direction  to  that  de- 
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veloped  in  A  B,  wliich  would  be  opposed  to  that  current,  and 
would,  therefore,  neutralize  it,  were  it  not  for  the  faotthit  llie 
successive  coils  arc  connected  together  in  the  manner  shown  io 
the  diagram,  fig.  873,  that  is  to  say,  the  outside  end  of  one  helix 
is  connected  to  the  outside  end  of  tliecoil  wliich  is  in  frt>ot  of  it, 
while  its  inside  cud  is  connected  to  theinside  end  of  the  coil  which 
is  l)chiiid  it,  from  which  construction  it  follows,  as  will  be  seen  in 
the  diagram,  tliat  although  the  currents  induced  in  any  two  con- 
tiguous helices  are  opposite  to  one  another  in  direction,  the  several 
helices  are  so  connected  together  that  the  altemaling  currrnt? 
transmitted  into  the  external  circuit  by  each  of  the  coUs  tie  all 
at  any  one  moment  in  iho  same  dircwMion,  either  pulling  orpu?li 
ing  together.     Tlie  two  ends  of  the  entire  circuit  of  ull  the  rl^^: 
tro-magnetic  helices  are  connected    respectively    to  two  disk 
wheels  of  copper  attached  to  the  axis  vt  the  machine  and  revok- 
ing with  it,  but    insulated  from  one  another,  and  upon  ihrae 
wheels  stout  copper  collectors  are  maintaine<l  with  a  certAin  fric- 
tional  pressure,  and  are  connected  to  the  two  terminaJ  ecrewH  of 
the  machine.     By  this  arrangement  all   commutators  are  dt»- 
pensed  with,  and  the  construction  of  the  apparatus  is   thereby 
much   simplified.      By   variations  in  the  method  of  c*>upUng 
the  helices  of  the  armature  they  may  ho  connected  in  eeritia,  or 
more  or  less  in  parallel  circuit,  or  Diay  Iw  groupe<^l  in  combina- 
tions of  the  two,  and  by  this  means  the  character  of  the  currtrnl 
generated  by  the  mncliino  ma3'  bo  determined  for  the  work  to 
which  it  is  intended  to  be  applied. 

The  inventor  suites,  that  by  this  machine  as  m.ioj'  sm  thrw 
JablochkoS  caudles  caa  be  maintained  burning  steadily,  with  an 
expenditure  of  motive  power  of  not  more  than  one  horso  power, 
and  without  approoiabty  heating  lis  armature  or  ltd  coils  wheo 
running  at  a  speed  of  700  revolutions  per  minute. 

ALTBKBCK'S  ALTKRNATmO  CUHRENT  MACUI>'f 

Fig.  S74  represents  an  alternating  current  mach' 
by  F,  Von  Uefner  Alteneck,  and  manufactarc<I  1-j 
which  electnvmagnets  arc  substilulcd  for  pcrmaneul  rr.a 
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and  mere  coils  of  wire  for  the  armatures,  rotating  tUrough  the 
magnetic  fields  prodoced  by  eleciro-magneta,  which  are  excited 
by  means  of  a  separate  continuous  current  machine.  The  prin- 
cipal advaotageB  ohtaineil  in  suppressing  the  iron  armatures,  are, 


Ag.  SY4. 

lat  leMs  weight  has  to  be  put  into  rapid  motion,  and  that  less 
energy  is  converted  into  heat  by  eddiea  set  up  witliiu  tlie  in^n. 
This  machine  representa  in  fact  a  return  to  Faraday's  original 

emonstmtion  of  the  current  set  up  in  a  conductor  passed 
through  a  magnetic  field  ;  and  it  is  asserted  by  Sir  Willinm  Sie- 
mens as  a  fact  ascertained  by  careful  tesL't,  that  the-e  maehiues 
give  the  highest  yield  of  electrical  energy  for  a  given  cxpendi- 
lure  of  mechanical  i>ower. 

Fig.  375  represents  the  exciting  machine  attached  to  its  en- 

inc.    Iliia  mnchiue  differs  mainly  from  tlie  larger  size,  shown  in 

ig.  867,  by  llie  vertical  position  of  ita  field  magnets,  by  which  the 
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induced  coil  is  kept  further  away  from  tlie  gntuiul,  and  l>y  hav- 
iog  double  collecting  brushes  for  each  pole,  which  enables  one 
metallic  part  of  the  collector  to  he  always  in  contact  with  one  of 
tbe  brushes  wlicn  the  other  meets  an  insulated  part,  thus  render- 
ing the  current  more  regular. 

Tbe  alternating  machine  contains  thirty>two  electro- magnets, 


fixed  to  two  cast-iroa  ringa,  sixteen  on  each  side  of  the  movable 
armature.  Tim  extremity  of  the  core  of  each  electro- magnet 
carries  a  small  iron  plate,  constituting  an  cnloi^ement  of  the 
pole,  and  thus  facilitating  induction ;  these  poles  are  alternately 
of  inverse  sense;  The  armature  consists  of  sixteen  helices  fixe<I 
to  a  plate,  and  revolving  very  rapidly  in  the  circular  space  be- 
tween the  two  series  of  inductors.     The  armature  coils  having 


i 
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no  iron  core,  the  current  is  develope<l  in  them  merely  S_v  tli« 
passage  of  the  spiral  coils  through  the  magnetic  field  of  the  in- 
ductois. 

The  helices  are  grouped  in  the  moat  convenient  way  for  ob- 
taining the  desired  results,  and  the  carrents  are  collected  by 
means  of  hriishes  rubbing  against  the  collectora,  which  arcfiie<i 
to  the  ex-tremitieii  of  the  armature  coils. 


LONTIN'S   CONTINUOUS  CUBRENT   MACHINE. 

Ijontin's  machine^  %.  378,  consists  of  an  iron  drum,  on  «li»^^ 
are  fixed  forty  iron  cores  in  four  rows,  placed  obliquely.  TU-*^ 
cores  are  furnished  with  magnetizing  coils,  D  D,  wound  fnrt*^°" 
siou  in  such  a  manner  that  the  end  of  one  coil  corresponds  ir'  ^^ 
the  beginning  of  the  next  This  system,  called  by  its  invcn  '^^ 
a  magnetic  pinion,  is  mounted  on  an  axle  so  as  to  turn  betw^^^" 
the  jxjles  of  a  powerful  elect romagnet,  with  dattened  brancU  •**' 
A  A,  constituting  the  inductor,  and  the  coils  connecte<l  with  w^»-*^" 
other,  like  the  coils  of  the  Gmmme  machine,  are  joined  by  c:^J^ 
rivation  wires  with  a  collector  also  like  that  of  the  Gramme  i^^P" 
paratus.  This  is  a  self-exciting  machine,  and  the  inducer  is  e^^^' 
cited  by  the  entire  current  In  the  mast  recently  constmc^^®^ 
form  of  the  machine  some  improvements  have  been  made.  ^" 

the  first  place,  the  polar  extremities  of  the  large  inducingelecf     ~^' 
magnet  have  been  so  arranged  that  the  intensity  of  the  induc^:^^ 
current  can  be  diminished  at  will  to  any  required  degree.    '^^^'^ 
this  purpose  pieces  of  inm,  movable  in  a  kind  of  groove,  ha^^^'* 
been  adapted  to  the  poles,  which  can  be  fixed  at  a  greater  or  I*-  ^*** 
distance  from  the  wires  of  the  magnetic  pinion  ;  and  the  coll    -^^ 
tor  is  placed  a])art  from  the  axis  of  rotation,  so  that  ihe  machrr  ^j^ 
may  be  covered  up  and  protected.     In  order  to  accomplish  tl^^^'^ 
it  was  necessary  to  make  the  commuuicationa  through  the  i  ^MiT" 
of  rotation,  and  the  contacts  of  the  collector  have  been  so         ^* 
ranged  as  to  enclose  it  on  the  two  sides  of  the  axle  under  a  preao^^d'V 
produced  by  a  counterpoise.     The  rubbing  parts  themselves        are 
made  of  an  alloy  of  lead  and  zinc,  and  fitted  to  elastic  met^^^c 
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supportBL  The  continuous  uurreut  wliichis  produced  by  thisma- 
cbino  18  sent  into  Lontin's  alternnting  current  macliine,  whicU 
prod  aces  the  light 

loxtin's  alternating  current  machine. 

This  machine  consists  of  a  series  of  electro -magnets,  fixed  in 
the  interior  of  a  vertically  placed  iron  crown,  having  in  iU  cen- 
tre a  rotating  electro- magnetic  system  composed  of  as  many  mag- 
netic cores  as  there  are  electro-magnets  on  the  crown,  as  shown 


^ 


/Htf,    377. 

in  fig.  877,  in  which  the  rotating  interior  electro-magnets  repre- 
sent the  inducing,  and  the  fixed  electro-magnets  the  induced 
system. 

The  inducing  system,  which  is  merely  the  magnetic  pinion  of 
Lontin's  generators,  described  on  page  680,  is  composed  of  aa 
iron  cylinder,  to  which  are  riveted  a  series  of  iron  plates  some- 
what resembling  the  teeth  of  a  pinion,  and  on  these  the  magnet- 
izing coils,  A  A,  are  wound  for  tension.  In  order  that  the  spires 
of  the  coils  may  not  shift  under  the  influence  of  the  centrifugal 
force,  and  of  the  clongatiou  caused  by  the  rather  large  amount 
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of  heat  developed,  the  ])lales  of  iron  forming  the  cores  are 
thicker  at  their  free  extremities  than  at  their  points  of  ooddcc- 
lion  with  tike  iron  cylinder,  and  this  greater  thickness  pla^s 
part  of  retaining  disks  for  the  spires,  which  are  further  main^ 
tained  in  their  position  by  abutting  agait\st  horizontal  trou 
pieces  mounted  on  two  bronze  wheels.  Finally,  the  coils  are*  so 
wound  that  the  polarity  of  the  cores  are  revta^ed  fnjin  one  ploie 
to  the  other,  so  that  the  motion  of  the  drum  brings  magnets  of 
alternately  opposite  poles  before  Uio  iron  eoitsa  of  the  induc*^! 
system,  which  thus  receive  alternately  reverse<l  polarization.'*. 
The  inducing  system  is  magnetized  continuously  by  the  dynamo- 
electric  generator,  fig.  376,  which  may  be  mounted  on  tl)c  same 
axle.  The  induced  system  is  coraposctl  of  a  largo  stationary 
iron  ring,  6tted  inside  with  a  series  of  iron  plates  fixed  tranti- 
versely,  like  the  teeth  of  a  wheel  projecting  internally,  and  sur- 
rounded with  magnetizing  coils,  B  B  B.  These  coils  are  con- 
nected to  each  other  in  couples,  so  as  to  form  a  complete  electro- 
magnetic system,  and  their  free  extremities  end  severally  in  the 
commutator  M,  which  enables  all  the  currents  they  supply  lobe 
drawn  off  8e[>arately  or  collectively  by  means  of  the  robbers,  a  4. 
Inside  of  this  ring  revolves  the  inducer,  which  is  soarrati^t-l 
that  the  magnetic  cores  of  the  two  systems  pass  each  other  witli 
out  touching.  Thus  each  of  the  induced  systems  is  magnetized 
in  opposite  directions  alternately ;  for  if  one  of  the  cores  of  the 
inducing  system,  acting  on  one  of  the  cores  of  the  induced  bjb- 
Icm,  is  polarized  north,  tlie  adjoining  core  of  the  induced  system 
will  bo  subjected  to  the  action  of  a  south  polarity,  and  a  ourrent 
will  always  bo  produced  in  the  induced  system  connected  with 
the  commutator.  When  the  inducer  has  advance*!,  the  polari- 
tics  will  have  different  signs,  and  a  current  in  the  reverse  direc- 
tion will  be  obtained. 

As  the  action  will  be  simultaneously  repeated  in  alt  tlie  elc 
tro-magnetio  systems  of  the  induced  bobbins,  each  of  thf»e  il 
able  to  supply  its  own  action  and  is  independent  nf  the  ncst^ . 
arrangement  which  allows  of  the  division  of  iho  electric  effect^ 
Supposing  that  each  of  the  induced  magnetic  systevns  formed  of 
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Iwo  bobbins  is  capable  of  supplying  a  current  powerful  enough 
to  maintain  an  electric  ligbt,  lli©  raacliiue  represented  in  iig.  377 
vould  give  12  ligbts,  and  if  diilerent  intensities^  were  desired, 
it  would  onlj  be  necessary  to  take  away  the  currents  from  some 
of  the  lights  and  put  them  in  commuiiicfltioa  with  others.  As 
the  induced  system  is  lixed,  nothing  is  easier  than  to  combine 
the  lights  in  any  required  manner,  and  as  there  are  neither  rub- 
bers nor  revolving  contracts,  no  loss  of  electricity  can  occur. 

The  commutator,  M,  is  so  arranged  as  to  act  on  as  fhany  eon- 
taci  plates  as  the  machine  supplies  currents  available  for  the 
pnxluctioM  of  light.  Thenumber  of  these  currents  depends  on 
the  construction  of  the  machine,  the  one  represented  m  fig.  377, 
as  we  have  seen,  furnishing  twelve  currents.  There  are  there- 
fore twelve  contact  plates,  and  to  each  of  these  correspond  two 
binding  screws,  one  of  which  is  connectwl  with  the  contact  itself, 
while  the  other  communicates  witli  a  band  circuit-breaker.  The 
former  receives  the  wire  of  the  corresponding  magnetic  syatem, 
the  latter  the  wire  which  leads  to  the  electric  lamp.  Moreover, 
the  various  contacts  are  themselves  provided  with  handles, 
which  connect  them  two  by  two  and  enable  an  iustautAueou.s 
union  or  separation  of  the  partial  currents  to  be  made. 

■  gravme's  altekkatino  current  machink 

In  this  machine  the  induce<l  apparatus  consists  of  a  lonj?  iron 
cylinder  fixed  horiiiontally,  as  shown  in  lig.  378,  and  otherwise 
arranged  like  the  ring  in  the  same  inventor's  machines.  All  the 
small  coils,  however,  ah  cd^  which  surround  this  cylinder,  in- 
stead of  being  attached  to  a  collector,  are  distributed  in  four 
separate  series,  each  otmnectcd  with  a  particular  circuit,  so  that 
they  successively  supply  the  current  to  four  different  circuits. 
The  inducing  system  is  a  kind  of  magnetic  pinion  formed  of 
eight  straight  electromagnets,  K  K,  which  move  inside  of  the 
cylinder,  as  in  the  foregoing  apparatus,  and  which,  being  of  con- 
trary polarities,  successively  supply  in  each  section  of  the  in- 
duced coil  currents  alternately  reverse<l.     This  inducing  system 
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657.     As  in  Lontin's  alternating  machine,  tbere  \a  qo  oommi 

tor ;  two  movable  rubbers,  in  the  shape  of  brushes,  press ; 

two  distinct  circles,  and  conduct  the  current  from  the  exoilin^ 


Fis.  378. 


forsrt.^ 


machine  to  the  movable  pinion.     Fig.  879   shows  tho 
appearance  of  tlio  machine  and  the  fl^  wheel  and  strap 
ting  it  in  motion.     The  machine  is    enclosed    l>etweea  t*o 
lateral   cast-iron  mountings,  and   encased   in  mnboganji  *^^ 
efiectively  protect  the  exterior  ring  from  injury. 
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NIAlTDBr'S    OONTINCOCS   CITRRKNT  MACHTXE. 

Fig.  S61  represents  llio  Niaadet  machine.  It  haft  a  polar 
arnrntnre, — the  rotating  coils  being  wound  upon  radial  bars  of 
iron,  as  upon  the  arms  of  electro-magnets — and  a  Gramme  col- 
lector. The  armature  consists  of  twelve  helices,  wound  with  in* 
.sulated  copper  wire,  nnd  attached  hy  screws  to  a  disk,  so  as  &> 
bo  parallel  with  the  shaft.  This  armature  revolves  between  the 
poles  of  two  permanent  horseshoe  magnets.  Of  the  two  upper 
poles,  one  is  N  and  the  other  S,  the  corresponding  lower  jiolw 


k\ 


<c/ 


being  consequently  S  and  N  raspectivelj.     If  the  twi> 
polei  were  both  N,  and  the  lower  both  S,  the  induction  in 
half  of  every  core  would  neutralize  the  other  half,  and  no  i 
rent  could  be  obtained,  while  by  arranging  them  in  this  manner 
the  inductive  effect  of  each  horBCslioo  magnet  is  added  to  that  i 
the  other.     The  coils  arc  connected  all  around  in  a  oontinuoa 
scries,  and  at  each  junction  there  is  a  connection  to  the  eoounu- 
tator,  ns  in  the  Qramnie  armftlurc     Tlic  o<>nini^  ,  aadsi 

strips  fastened  radially  to  the  outer  face  uf  the  I'ihuyl 
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cores  together,  and  the  collectora  are  pressed  on  these  at  oppo- 
site points,  the  commutatiou  taking  piucc^  noruinlly,  as  each  oil 
prepares  to  leave  cue  sol  of  pules,  un  in  the  Lontin  machine.  The 
continuity  of  the  current  is  due  to  the  fact  that  thecollectiog 
springs,  before  leaving  one  of  the  radial  pieces,  nlreJidy  tonch 
tlie  next  Tliia  machine,  though  it  was  at  least  as  good,  theo- 
retically, as  the  Lontin,  was  never  developed  industriaUy* 
probably  because  M.  Niaudet  conooded  ita  inferiority  to  the 
Gramme  machine. 

brush's  constant    CURRKNT   MACHINX 

Fig.  382  is  a  general  view  of  the  Brush  machine.  The  arma- 
ture oonsista  of  a  cast-iron  ring,  the  cross  section  of  which 
is  genontlly  rectanguhir,  but  in   the  direction  of  itii>  circum- 
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fercDce  it  is  alternately  wide  and  narrow*  as  shown  in  fig.  SSB^ 
which  represents  a  portion  of  the  inia  ring.  The  ring  U 
divided  into  seclora  by  rectangular  grooves;  in  these  iho  coiU 
of  insulated  copper  wire  are  wound  until  the  grotjye  is  fUlcd, 
and  the  flat  converging  recesses  become  flush  with  the  ituM  of 
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the  intermediate  thicker  portions  or  pole-pieces  by  which  they 
ajo  soparaled  from  one  another.  Fig.  SS4  is  a  cross  section  of 
one  siile  of  the  ring  ta Ice n  through  one  of  these  portions.  The 
intcrracdiato  thicker  poniona  of  the  ring  are  grooved  by  a  series 
of  deep  concentric  channels,  partly  to  reduce  the  muss  and  lessen 
the  weight  of  the  revolving  armature,  and  partly  for  ventilating 
the  ring  and  carrying  away  a  portion  of  the  heat  generated,  but 
chiefly  for  the  localization  and  isolation  of  local  currents  gene- 
rated by  induction  in  tlie  iron.  Fur  a  similar  reason  the  periph- 
ery of  the  ring  is  deeply  grooveii ;  by  this  means  all  cross  cur- 


.^' 


rents  are  eitootually  cut  oH  and  induction  currents  are  com- 
pelled to  flow  in  directions  -which  are  not  detrimental  to  the 
eflSciency  of  the  machine  This  again  increases  the  area  of 
radiating  or  cooling  surface,  and  consequently  helps  to  prevent 
the  armature  becoming  overheated. 

In  the  sixteen  light  machine,  the  armature  ring  is  20  inches 
in  diameter,  and  is  wound  with  eight  rmlial  coils  of  cotton-cov- 
ered copi^r  wire  of  No.  14  B.  W",  G.,  whoso  middle  planes 
radiate  from  the  axis  of  rotation,  being  distributed  round  the 
nng  at  e<}ual  angular  distances  apart  Each  coil  contains  about 
900  feel  of  wire,  weighing  about  twenty  poundi  Fig.  385  is  a 
ch  of  the  armature  ring  with  all  its  coils  wound.     The  two 
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sides  of  each  groove  are  parallel  to  the  centre  line  of  the  ooiJ-- 
AH  the  coils  are  wound  in  the  same  direction  as  in  the  Grarnrn--^ 
machine. 


Itg.  385. 


Fig.  386  is  a  diagram  showing  the  distribution  of  the  o—^^twa 
artjund  the  ring.  The  inner  end  of  each  of  the  coils  is  connee^:^'^ 
by  a  wire  to  the  inner  end  of  the  corresponding  ouil,  at       ^^ 
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opposite  end  of  the  same  diameter  of  the  ring,  and  the  outer 
ends  of  all  the  coils  are  brought  through  the  shaft  of  the  ma- 
chine, and  are  connected  to  corresponding  portions  of  the  com- 
mutator, where  the  currents  are  collected  by  copper  bnishea. 


Fig.   386. 

The  inner  end,  A*,  of  the  coil,  is  connected  to  A»,  which  is  the 
inner  end  of  the  coil  6;  A*  is  connected  to  A',  A'  to  A',  and  so 
on  round  the  ring,  and  the  outer  ends,  C*,  elc,  are  all  conueuted 
to  the  commutator  by  iiLsuliited  conducting  wirtus.  The  two 
free  ends  of  each  pair  of  diametrically  op])used  coils  are,  after 
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J^g.  387. 

passing  through  the  shaft  of  the  machine,  altache<I  respectively 
lo  two  diametrically  opposite  segracnis  of  the  same  commuta- 
tor, which  segments  are  insulated  from  one  another  and  from 
aoy  otlier  pairs  of  coils.  'JTie  commutator,  wliich  is  attached  to 
the  drivingshaft  of  the  machine,  consists  of  a  set  of  flat  cylinders, 
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of  which  there  are  as  many  oa  the  shaft  as  there  are  pairs  o( 
coils  on  the  armature,  each  of  which  consists  of  two  s^ineuU 
insulated  from  one  another  on  one  side  of  the  shaft  by  an  air 
space  about  onecightb  of  an  inch  wide^  and  on  the  other  by  a 
piece  of  copper  Bejxirated  from  ihe  segments  by  two  smaller  air 
spaces.  The  arrangement  is  shown  in  fig.  387,  in  which  A  and 
B  are  the  two  segrnenia  connected  to  corresponding  coils  on  op- 
posite sides  of  the  armature,  und  attached  by  an  insulating  ma- 
terial to  the  shaft  S ;  C  is  t}ie  copper  insulating  piece,  the  object 
of  which  is  to  sejiarate  either  of  the  brushes,  which  preaa  upon 
the  jxjripliery  of  the  commutator,  from  eilhei  of  the  segments, 
during  tlie  interval  occupied  by  one  pair  of  coils  passing  through 
the  neutral  portion  of  the  magnetic  field ;  this  occurs  twice  in 
each  revolution  of  the  armature.  When  any  pair  of  bobbins  is 
in  this  way  cut  out  of  the  general  circuit,  their  own  circuit  is 
open,  so  that  no  current  can  be  induced  in  them.  By  thisar 
rangement  each  pair  of  coils  has  in  each  revolution  a  period  of 
rest  equal  to  one-quarter  of  a  revolution,  to  which,  in  a  measure^ 
is  due  the  small  development  of  heat  in  the  working  of  the  ma- 
chine ;  and  it  presents  also  another  important  element  of  effi- 
ciency in  that  each  pair  of  bobbins  as  it  passes  the  neutral  por- 
tion of  the  magnetic  field,  and  is  therefore  incapable  of  contri- 
buting electromotive  force  to  the  general  current,  is  itself  cut 
out  of  the  circuit,  thereby  reducing  the  resistance  by  an  amount 
equal  to  the  resistance  of  two  ot  the  bobbins.  The  method  of 
exciting  the  field  magnets  employed  in  the  Brush  generator  is 
that  discovered  by  Hjorth,  the  whole  current  from  the  armature 
being  transmitted  through  the  field  magnet  coils,  they  forming 
with  respect  to  the  armature,  a  portion  of  the  externa\  circuit 

Fig.  3S8  is  a  diagram  illustrating  the  connection  between  the 
armature  coils  and  the  field  magnet  coils  in  one  position  of  the 
armature  revolution-  Referring  to  this  diagram,  M  M  and  JI  M' 
are  the  two  nuignets  having  their  similar  poles  presented  towaid 
one  another  on  opposite  sides  of  the  armature  coils,  A  A'.  Thus 
the  coil  A  is  under  the  influence  of  a  magnetic  field  produced  hy 
the  two  north  polos,  N  N  * ,  while  at  the  same  time  ita  correspond- 
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ing  coil  A*  is  under  the  influence  of  the  two  south  poles  S  S'. 
^current  is  therefore  induced  in  the  pair  of  bobbins  A  A*,  which 
is  transmittetl  by  wires  passing  through  the  shaft  S  to  the  com- 
znatator  C,  whence  it  is  collected  by  the  brushes  U'  and  B*,  at 
«he  same  time  that  the  other  portions  of  the  commutators  (which 
*ire  in  connection  with  the  other  working  armature  coils)  are  in 
contact  with  the  brushes  B'  aridB*.  At  X  and  Y  are  the  termi- 
nals of  the  external  circuit,  and  to  the  brushes  B  *  and  B*  are  con- 
nected the  two  ends  of  the  field  wire.  The  field  ni£^et«  are 
•onnected  together  as  shown  in  the  figure. 

The  commutators  form  a  most  lieautiful  piece  of  apparatus, 


y] 


FSg.  381 

and  the  arrangement  by  which  the  position  of  the  collecting 

brushes  can  be  adjusted  so  as  to  place  them  in  contact  with  the 

commutators  in  any  desired  angular  jxisition  with  respect  to  the 

position  in  the  magnetic  Held  occupied  by  the  eoiis  to  which  the 

^   commutators  arc  connected,  is  exceedingly  simple  and  ingenious 

■    By  the  simplest  mechanical  means  the  commulating  api>aratus 

collects  and  distributes  the  currents  from  the  active  armature 

B   coils,  sending  them  into  the  magnet  helices  and  into  the  line,  and 

cutting  out  of  circuit  the  arjnature  coils  one  by  one  as  they  pass 

through  the  neutral  regions  between  the  poles.     The  whole  com- 

rantating  apparatus  is  fairly  represented  on  the  extreme  right  of 

the  general  view  of  the  machine  {&g.  882),  and  consists  of  two 
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pairs  of  rings  of  the  form  shown  in  fig.  S87,  attached  to  &nd 
revolving  with  the  main  shaft.  To  the  cylindrical  ciroomfer^. 
«iices  of  these  rings  are  pressed  two  pairs  of  copper  coUectiDgJ 
brushes,  which  rub  tangcntially  against  the  commatator  ria 
one  pair  pressing  above  and  the  other  pair  pressing  below — a 
line  forming  the  points  of  contact  being  a  diameter  of  the  ring. 
The  copper  brushes  are  Hat  strips  of  elastic  copper  about  two 
inches  wide,  cut  at  the  ends,  which  press  against  the  rings  into 
eight  tongues,  so  as  somewhat  to  resemble  a  graiaer's  comb,  aiidj 
each  comb  or  brush  is  wide  enough  to  be  in  contact  with  tv 
armature  rings,  and  in  this  way,  although  two  of  the  coita  i 
insulated  twiuc  in  each  revolution,  the  main  eifcuit  is  Dev 
interrupted. 

For  the  pur{>ose  of  adjusting  the  brushes  so  as  to  make  con- 
tact with  the  commutators  at  Ihe  most  effective  angular  }>o6ition 
with  respect  to  the  magnetic  field,  they  are  mounted  on  the 
opposite  ends  of  two  rocking  levers,  which  are  capable  of  oscil- 
lating on  the  driving  shaft,  and  can  be  6xed  in  any  desired  posi- 
tion by  means  of  a  set  screw,  which  clamps  a  stout  wire  rising 
from  the  base  of  the  machine.  The  currents  are  conveyed  from 
the  bnishes  by  wide  strips  of  thin  sheet  copper,  shown  in  fig. 
282,  and  iu  order  to  allow  for  the  variable  distance  of  the  £ree 
ends  of  the  brushes  from  the  base  of  the  machine,  they  are  made 
undulating  or  wavy,  doubling  up  as  the  distanoe  is  ehortened 
and  stretching  out  when  it  is  increased. 

The  average  resistance  of  the  sixtecn-light  machines  is  about 
eleven  ohms,  to  which  the  eight  coils  of  the  armature  contribute 
about  five  ohms,  that  is>  .626  ohm  each,  and  the  majinel  coils 
about  six  ohms,  or  1.5  ohms  for  each  helix — the  resistance  of 
the  connections,  conductors  and  contacts  within  the  machine 
being  inconsiderable; 

SCHTJCKEBT'S  00NBTA>T  CURBfiNT  VACHINB. 

Fig.  389  is  a  general  view  of  the  Schuckert  generator,  whicih 
is  extensively  used  in  Europe  for  electric  lighting  purpooea. 
The  mucbine  consists  of  two  vertical  frames,  between  which  tlie 
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Esof  the  field  magnets  are  fixed.  These  cores  are  cylindrical 
jpt  at  the  centre,  where  the3'  ure  widened,  the  lower  core  oa 
the  upper  side  and  the  upper  core  on  the  lower  side,  and  a  chan- 
nel is  cut  partially  through  them  for  the  armature  to  revolve  iiu 
The  armature  consists  of  a  ring  constructed  of  thin  iron  disks, 


F%^,  389. 


insulated  from  each  other  and  surrounded  with  copper  wire. 

This  ring  ia  nearly  enclosed  by  the  Bcmicirculnr  polo  pieces  of 

the  field  magnets,  which  approach  each  other  within  a  short  dia- 

■  tanoe,  near  the  horizontal  axis  of  the  ring,  the  object  of  this 

m  airangement  being  to  bring  as  large  a  number  of  the  turns  of 


596 


THE  ELECTRIC  UOBT. 


the  armature  wire  as  possible  withla  tte  influence  of  Uie  mag- 
netic field.  The  commutator  consists  of  a  numl>er  of  meul 
segments,  inaulated  from  each  other,  and  conneute<l  respectively 
to  the  sections  of  the  armature  coil.  The  number  of  these 
sectiona  varies  from  ten  to  one  hundred,  according  to  whether 
the  machine  13  intended  for  low  or  high  tension,  and  the  end  of 
each  section  is  connected  to  its  corresponding  s^rncitt  by  a 
screw,  so  OS  to  be  e»si]j  removed  for  repair  or  renewal. 

JUROENBEN'S  StSQ  AKHATUBE   KACm>'G. 

The  principal  feature  of  this  machine  is  the  introduction  of 
field  magnets  within  the  armature  for  the  purpose  of  utili;nng 
the  inner  portion  of  the  coils  on  the  ring.  The  ring  consists  <tf 
a  number  of  thin  sections  placed  side  hy  side,  and  insulated  from 
each  other  to  prevent  the  creation  of  induction  currents,  hy 
which  arrnugement  very  wide  rings  can  l>e  made,  the  aectiona 
being  held  together  by  bolt^  passing  through  them  at  small  in- 
tervals. Around  the  ring  thus  formed  the  wire  is  coiled  to 
complete  the  armature. 


A&AQO    RADIAL  DISK    ORNERATOa 

This  machine,  originally  designed  by  Prol  Cliarles  A.  Seeley, 
and  since  improved  by  the  White  House  Mills,  of  Hoosoc,  N.  Y., 
is  representee!  in  fig.  390.  Two  forms  are  constructed — an  olec* 
trotyping  machine^  with  a  double  armature,  and  a  continuo*U( 
current  arc  light  machine,  with  a  single  armature.  The  special 
features  of  the  machines  consist  of  tie  disk  form  of  armature, 
with  its  radial  winding  and  tbe  absence  of  iron  within  the  coils. 
The  magnetic  field  is  composeil  of  a  circular  range  of  ten  pain 
of  electro- magnets,  the  cores  of  wbich,  on  either  side  of  th« 
armature,  arc  cast  in  one  piece,  and  the  connections  of  the  ooil»  ■ 
are  so  arranged  that  the  outer  ends,  as  well  as  tlie  facing  potes, 
are  of  alternately  (ipposite  polarity.  The  field  magnets,  which  are 
placed  horizontally  and  ore  attauhed  to  the  frame  of  tbe  machine, 
are  provided  with  sector  shape*!  pole  pieces,  which  coLlocttrcly 
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form  a  disk,  and  arc  so  placed  as  to  leave  a  narrow  parallel 
Ispace  between  tbem.  Hy  this  arrangement  the  magnetic  field  ib 
confines!  to  the  si>aee  betweeu  the  faces  of  the  poles  in  which  the 
armature  rotates,  an<i  consequently  there  is  no  loss  from  the 
forming  of  external  magnetic  fields.  The  armature  in  the  arc 
light  machine,  fig.  S90,  13  composed  of  a  series  of  twelve  tri- 


'       /■ 


-jr.\ 


Fiff.  390. 

I  angular  coils  of  wire  clamped  together  by  hubs  and  rings  of 
copper.     These  coils  are  so  wound  as  to  form,  when  placed  in 

I  the  armature,  radial  spokes,  the  adjacent  sides  of  each  pair  being 
parallel  to  each  other  and  close  together.  The  currents  de- 
veloped in  the  armature  are  collected  by  a  commutator  consist- 
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ing  of  sixty  scgtacnU     The  coils  of  the  armnturo  arc  conne^srt*^ 
ia  closed  circuit,  and  branches  lead  fmm  the  connectiotis      ^ 
twccn  tho  coils  to  five  equidistant  bare  of  the  comtnuUtor,  c^^' 
stitutiiig  an  arrangement   of   councctioii3    for  rendering        "^ 
current  CDutinuous,  similar  to  tliat  employed  in  the  "Von  Ho^-Ufr 
Alteneck  macliina     Tho  conncctioa  from  the  armature  to       ^ 
commtitatoris  necessary,  because  in  this  arrangemcniof  thet^^^ 
there  arc  twelvo  terminal  wires  to  the  armature,  each  of  vl-  -»'"' 
ia  positive  and  negative  alternately  five  times  in  each  revolnt-  =^f*i 
thus  cliaDging  the  polarity  of  each  armature  terminal  lea  tit      -J^ 
making  a  total  of  oue  hurnh-ed  and  twenty  changes  per  rev     <^i' 
tioti.     Although  tho  positive  and  negative  points  change  rapr    "i^y 
in  the  armature,  tln^r  position  with  reference  to  tho  field  is 

stant,  as  ia  shown  by  tho  fact  that  tlie  polarity  of  tho  comm ola 

tor  where  the  brush  rests  is  constant,  while  the  polarity  of         wr 
ono  commutator  block  is  constantly  clianging. 

The  electrotyping  machine  is  similar  in   construction 
arc  light  machine,    rlifTering   only  in  tho  arrangement  of 
armature  and  in  having  two  commutators  anti  brush  hoi 
instead  of  one.     The  armature  cciils  are  composed  of  two  lai 
ono  layer  being  of  only  half  the  thickness  of  tho  othet;     ]^3otii 
layers  are  made  of  copper  ribbon  instead  of  wire.    In  tho  t=^-iui>- 
ner  layer,  which  ia  u.sed  to  excite  tlie  magnets,  tho  armngcr^MQCDl 
of  the  armature  and  commutator  connections  is  the  same  ^^bsid 
tho  arc  light  machine,  while  tho  thicker  layer  is  connecl^r^to 
the  working  cin:uit  in  the  usual  manner,  and  has  no  eloct—WJcal 
connection  with  the  thinner  layer.     Both  layers  are  clampe^3  to- 
gether by  one  set  of  hubs  and  rings,  so  that  to  all  appenr^woe 
only  one  layer  is  used.    As  the  current  from  tho  two  scctioci^o^ 
the  armature  can  l>e  controlleti  independently,  it  is  obvious  ths:, 
by  a  small  movement  of  the  brushes  on  the  commutator  con- 
nected with  tiie  exciting  circuit,  the  ]>ower  of  the  field  magnets 
may  be  increased  or  decreased  without  tho  use  of  resistance  wil^ 
and  thereby  the  current  developed  in  tho  working  coils  of  the 
armature  regulated  as  required  to  suit  the  work  to  be  dona   It 
is  claimed  that  this  form  of  construction  poBses&es  impoitanl 
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Ivantagta  for  electro-plating  and  cbar^ng  storage  batteries,  be- 
<SiUHP  tlicro  is  no  liability  of  revcraing  the  polarity  of  the  f  urront ; 
wliilo  for  the  government  of  a  system  of  incandescent  lighting  it 
is  a  great  improvement  over  tlie  use  of  resistiinoe  coils.  The 
largest  electro-plating  machine  constnicte  1  on  ihia  plan,  is  now 
I  Batisfactorily  operating  elevea  tanks  in  series,  with  s  consump- 
tion of  loss  than  Jlftcen  horse  power. 

ball's   unipolar   MACHlNr. 

Fig.   391    presents  a  general  view  of  Ball's  machine,  which 
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oonsisU  of  a  long  rectangular  frame  of  soft  iron,  coiled  80  u         V> 
form  tlio  field  magnets,  and  longitudinally  supports  the 
carrying  two  ring  armatures  of  the  PacinotU  type.     The 
peculiarity  of  the  machine  is  that  each  armature  is  rotated 
tlie  presence  of  only  one  magnetic  pole,  tho  oppoeite  side 
the  armature  facing  a  rcutral  point  of  the  field.      The  cffi 
of   this  arraugenieut,  in  so  far  as  the  fifld  is   conceme*!,  i 
pears  tu  he  that  tho  rectangular  soft  iron  frame  is  converted  ii 
two  long  electro- magnets  with  two  polea,  only  ono  being  p^Krire- 
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entcd  to  each  of  the  rotating  armatures  instead  of  four  sh 
and  proportionally  weaker  electro-magnets  having  four  po[ 
in  the  ordinary  way,  hy  which  two  opposite  poles  would  be 
seated  to  each  of  tlie  armatures. 

Fig.  892  is  a  diagram  showing  the  peculiar  way  in  whict^^  "** 
winding  is  conneote<l  through  the  comrautitorg  and  acros^t-   t™ 
machine.      Following  the  negative  wire  C,  the  circuit  is  thrczz^Q^'' 
the  right  hand  commutator  round  coil  B,  thence  to  central      «m^» 
thence  back  to  coil  D,  then  along  cross  bar  below  the  arma'^^u'^ss 
to  coil  A,  across  to  central  coil  next  the  south  pole,  and   -^^mo 


BDnanT*8  lana  aruatube  mace 


601 


Uiis  to  coil  C,  through  left-hand  commutator,  and  on  to  the 
positive  terminal  cai-rying  the  lead  C. 

r^  buhqin's  kino  armature  machine. 

Biirgin,  struck  with  the  loss  of  action  in  the  Gramme  ring, 
resulting  from  the  withdrawal  of  the  iron  core  from  the  poles  of 
the  field  magnels,  has  sought  to  bring  the  mass  of  the  iron  ring 
eloeer  to  the  inductor  by  making  it  paS3  out  of  the  coils  at  Ion* 
ger  or  shorter  inter\'alfi.  In  order  to  accomplish  this  he  formed 
the  ring  R,  fig.  393,  of  eight  separate  rings  mounted  alongside 


Fiff.  393. 


of  each  other  on  the  same  shaft,  S,  each  having  for  a  magnetic 
core  a  hexagonal  frame,  composed  of  iron  wires,  on  the  aides  of 
which  arc  wound  the  induced  coils.  These  coils  are  wound  in 
the  t^faape  of  an  ellipsoidal  spindle,with  a  curvature  so  calculated 
that  the  six  angular  parts  of  the  cores  are  nearly  on  a  level  with 
the  external  spires  of  the  several  coils,  and  therefore  able  to 
pass  the  inducing  poles  at  a  very  small  distance.  The  frames 
arc  also  so  arranged  that  the  angular  and  uncovered  parts  of  the 
cores  retire  from  each  other,  so  as  to  present  themselves  conform- 
ably to  a  spire  of  a  coil  As  a  result,  the  magnetizing  actions 
are  produced  successively,  and  the  currents  due  to  these  actions, 
as  well  OS  to  that  between  the  wires  of  the  coils,  are  always  of 
the  same  strength  in  the  diilerent  phases  of  each  revolution  of 
the  ring.  The  induced  coils  are,  moreover,  wound  in  alternately 
reversed  directions,  in  order  to  obtain  currents  in  the  fuime  direc- 
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tion  in  each  half  of  the  ring,  ami  are  joined  to  iho  collector  I 
iu  precisely  the  same  way  as  in  the  Gramme,  Edison  and  oiIm 
continuous  current  machintfs.  The  general  appearance  of  tli 
collector  is  shown  in  fig.  393.  The  field  magnct3  are  ali 
arranged  in  the  same  manner  as  those  of  other  self  exciting 
chines,  and  the  induced  current  traverses  them  in  its  cntiretv 
in  those  of  the  other  machines  made  in  accordance  with  ITjorthl 
r^eoerating  principle.  Fig.  3oi  shows  the  arrangement  of  tb 
circuit  These  machines  have  for  a  given  velocity  the  same 
luminous  power  as  the  ordinary  form  of  the  Gramme  machine, 
but  they  have  the  advantage  of  becoming  very  much  Iftu  heat 


JABLOCHKOFPa   SPHERICXL   MACHINE. 

Fig.  894  is  a  general  view  of  Jablochkoffs  machine,  which 
composed  of  two  bobbins,  one  tixed  upon  a  horiz«.)ntal  axis 
an  inclined  position,  and  turning  with  it;  this  Iwbbin  is  ooiI< 
upon  a  frameworlc  of  iron,  the  cheeks  of  which  form  two  ci 
lar  poles  (north  or  south),  which,  by  the  arrangement  of  the  com- 
mutator, change  tlieir  polarity  twice  in  a  revolution  ;  the  second 
bobbin  is  fixed  in  a  vertical  plane  more  or  less  inclined  in  rela- 
tion to  the  horizontal  axis  of  the  revolving  bobbin ;  it  is  coiled 
upon  a  nonmagnetic  frame,  and  the  current  which  traverses  it 
is  continuous  in  direction.     The  relatively  inclined  poeition  of    , 
the  two  bobbins  has  given  the  apparatus  the  name  of  ocliptii^B 
by  reason  of  the  analogy  which  this  inclination  presenta  to  tha^^ 
of  the  ecliptic  upon  the  equator, 

The  apparatus  has  arrangements  for  varying  the  inclination  of 
the  two  bobbins,  sons  to  determine  the  beat  conditions  for  work- 
ing ;  but  in  the  machines  designed  for  commercial  purposes  the 
position  of  the  bobbins,  once  determined,  ¥riU  be  fixed  and  in* 
variable.  The  mutual  action  between  the  movable  electro-mag- 
net upon  its  horizontal  axis,  which  is  submitted  to  the  altera- 
tions of  direction  of  the  current,  and  the  fixed  solenoid,  in  which 
a  continuous  current  circulntes,  must  result  in  a  continuous  and 
rapid  motion  of  the  axis  of  rotation,  with  the  advantage  resul 


into  motive  powei^-or  in  dynamo  electric  machines — converting 
motive  power  into  electricity;  and  the  following  sketches  illus- 
trate some  of  the  various  arrangements  proposed  by  the  inven- 
tor: Fig.  895  is  a  diagram  showing  a  simple  form  of  machine; 
A  bobbin,  A,  having  cheeks  or  flanges,  A  B,  of  soft  iron,  and 
wound  with  a  coil  of  insuluted  wire,  is  fixed  obliquely  on  an 
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axis,  0,  and  revolves  between  the  poles  of  two  electro-magneta, 
N  S.  The  obliquity  of  the  bobbin  is  such  that,  ia  each  revolu- 
tion, it  presents  the  edges  of  A  and  B  alternately  to  the  poles  of 


lig.  396. 

N  and  S,  and  alternating  electric  currents  are  set  up  in  the  coil 
of  A.  Fig.  396  shows  a  construction  in  which  the  bobbin  B, 
fixed  obliquely  on  the  axis  0,  revolves  within  an  oblique  bob- 
bin, C,  which  has  an  iron  sheath,  F,  presenting  interior  polar 
edges  toward  the  edges  of  B.  The  electric  currents  generated 
in  the  coil  of  B  are  collected  and  converted  into  currents  of  the 


Fig.  396. 


Fig.  397. 


same  direction  by  means  of  a  commutator,  D.  In  the  construc- 
tion shown  in  lig.  397,  the  exterior  bobbin  is  of  soft  iron.  The 
commutator  D  may  be  applied  to  alternate  the  currents  in  the 
coil  C,  those  in  the  coil  B  being  in  the  same  direction,  collected 
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E"»i  the  usual  way  by  rubbers  hearing  on  rings,  E.  Tn  this  case 
tJjo  intenial  bubbin  IJ  iiee<l  not  be  of  soft  iron.  When  the  ma- 
«3hine  ia  of  large  dinmeier,  tbe  interior  bobbin  A  may  be,  a& 
^bown  in  fig.  808,  merely  a  ring  of  iron  fixed  on  u  wbeet  of  non- 
aagnetic  material. 
The  advantage:*  attached  to  these  machines  are  several,  and, 


nff.  398. 

among  the  more  important,  simplicity  of  construction  takes  tiie 
first  place.  The  coiling  of  the  wire  is  perhaps  moro  easily  per- 
formed than  in  any  other  machine,  as  it  is  all  winding  of  the 
mo6t  direct  character;  and  the  absence  also  of  any  nice  adjuat- 
Hinent  constitutes  a  very  importAnt  feature.  M.  JablochkofT 
claims  as   his   invention  a  dynamo-electric  or  electro-dyuamic 
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mEchine,  wherein  a  magnetic  coUed  bobbin  revolves  botwwea 
or  within  polar  fields,  the  bobbin  being  fixed  obliquely  on  it« 
axis,  so  a9  to  present  its  oppoeite  edges  to  opposite  fields  altei^ 
natelj  iu  each  revolutiotL 

oulchkb's  continuous  current  machine. 

Pig.  899  represents  the  Gulcher  machine,  in  which  the  mmg- 
netic  field  is  produced  by  eight  elcctn>inagnets  of  oval  form, 
arr&nged  in  two  sets  of  force,  with  their  freo  ends  directed 
toward  one  another,  and  at  their  opposite  ends  attached  to  two 
verticrtl  circular  frames,  carrying  at  their  centres  the  bearings  in 
which  the  main  shiift  of  the  imkchine  rims;  tlie  op[>ositeend8  of 
each  pair  of  magnets  are  connected  together  by  a  U-ahaped 
pole  piece,  the  open  jaw  of  which  is  directed  toward  the  oenitt? 
of  the  armature  ring.  Between  the  two  liots  of  luaguels  And 
within  the  pole  pieces,  is  rotated  a  flat  ring  armature,  the  ooiU 
of  which  are  wound  after  the  Poctnotti  type;  Paciaottl's  early 
machine  had  the  coils  wound  between  projecting  teeth  upon 
nn  iron  ring.  Gramme  rejected  these  oogs,  preferring  that  tb« 
coils  should  bo  wound  round  the  entire  surface  of  the  endlos 
core.  To  prevent  wasteful  curreul-s  in  the  cores,  Gramme  em- 
ployed for  that  portion  a  coil  of  varnished  iron  wire  of  many 
turns.  In  Golchor's  machine,  the  ring  core  is  made  up  of  thin 
flat  rings  cut  out  of  sheet  iron,  fumishe*!  with  projecting  oogs 
and  laid  npon  one  another.  The  parts  of  the  coils  which  pas» 
through  the  interior  of  the  ring  are  oomparulively  idla  Tbey 
cut  very  few  lines  of  force  as  they  rotate,  and  therefore  oftcr  a 
wofltctut  resistance. 

Inventors  have  essayed  to  reduce  this  source  of  tosj  by  either 
fitting  projecting  flanges  to  the  pole  pieces  or  by  using  interna] 
magnets,  or  else  by  flattening  the  ring  into  a  disk  form,  ao  ttl  to ' 
reiluce  the  interior  parts  of  the  ring  coils  into  an  insignificant 
amount  This  is  done  in  the  Galcher  machine.  The  oommo- 
lator  is  of  the  Gramme  type,  being  cylindrical  and  divided  into 
as  many  sections  as  there  are  coila  on  the  armatare.  It  is,  how* 
ever,  of  extraordinary  length;  consequently  requiring  coUccting 
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brushes  of  great  width,  and  by  this  construction  more  perfect 
electrical  coniact  is  insured,  and  the  spurking  reduced  The 
magnet  coiU  are  wound  with  a  double  strand  of  copper  wire, 
consisting  of  two  thick  wires  twisted  together;  this  arraugeiueol 
being  atlopied  for  convenience  in  winding. 

FERRANTl'S  ALTEBNATIXO   CCHRKNT   MACHINE. 

Fig.  400  gives  a  general  view  of  the  Ferranti  machine,  whic 
is  identical  in  many  respects  with  the  Von  UefDer-Aliene 
alternate  current  machine.   As  in  Iho  latter  machine,  llie  elect 
mngnets  form  two  crowns,  with    opposing   poles.       The  potj 
of  difference  is  the   armature,  whicb,    like   the  Von  Ilefne 
Alteneck,  has  no  iron  cores  in  ita  coils;  hut  which,  nnlikctb 
latter,  is  not  made  up  of  coils  wound  round  cores,  but  oouslsti 
of  zigzags  of  strip  c<:>pt)er,  folded  upon  one  another. 

There  are  eight  loops  in  the  zigzag  (fig.  401),  which  depic 
half  only  of  the  arrangement,  an<l  on  eacli  side  ore  sixteen  mag 
net  poles,  so  that  the  moving  parts  are  twice  the  aogula 
breadth  of  the  fixed  purts.  Tlie  advantage  of  the  armnturei 
zigzag  copper  lies  in  its  simplicity  of  conalruelion.  Sir  Wii 
Uam  Thomson,  who  is  credited  with  being  the  rcal  inventor  i 
this  armature,  jiroposetl  originally  that  the  copper  strips  shoult 
be  wound  between  projecting  teeth  on  a  wooden  wheel. 
also  proposed  to  use  as  field  magnets  a  form  of  electro-magnet 
of  the  kind  known  as  Roberts',  and  also  used  by  Joule,  in 
which  the  wires  that  bring  the  exciting  current  are  passed  up 
and  down,  in  zigzag  form,  between  iron  blocks  projecting  fr>m 
»n  iron  frame.  The  Ferranti  machine  is  30  inchea  high:  its 
foundation  plate  is  22  by  24  inchea,  and  its  toUd  weight  1,3C 
pounds.  Tlic  field  magneu  are  8  inches  long;  each  core  is  sur 
rounded  by  four  coils  of  wire  of  Na  10  B.  W.  G.  gauge;  audi 
coils  are  connected  in  series,  the  resistance  Ixiing  2  5  ohms ;  the' 
vertical  diameter  of  the  cores  is  about  2  inches;  their  largest 
horizontal  diameter  3.2  inches.  They  arc  excited  by  a  small 
Siemens  machine,  giving  a  current  of  21.5  amperes.  The 
resistance  of  the  armature  is  0.0266  ohm. 


FERRANTl'S  ALTEBNATINa  CURRENT  MACHINE.      609 
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At  some  recent  experiments  in  London,  the  Fermnii  ni»- 
cKine  supplied  the  cnrrcnt  for  800  Swan  lamps  of  20  candles 
each,  three  in  eeriea  and  each  set  o£  three  in  multiple  tire     The 


NJ 
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cxpen<io<l  force  is  stated  t*>  hiive  been  26  liorsc-powi-r,  which 
wouUl  give  twelve  larnpa  of  twenty  carcela  cacli  for  one  borso- 
power. 


HOLCOITBS  ALTERNATING  CURRENT  MACUXKK 

Fig.  402  gives  a  general  view  of  the  ITnlooiiib  nutchinp.  wliic 
vraa  patented  in  1880,  and  bears  a  strong  resemblance  to  tb 
machine  recently  brought ont  by  Ferranti  and  Thomson.  Indeed, 
the  ftrrangoment  of  the  armature  conductor,  shown  in  figx.  -li)S 
and  404,  set'ms  to  be  substantially  the  same  as  that  a(3or't*>i  by 
the  latter  gentleman. 

It  is  Btated  in  the  specirication  that  lig.  404  fthowa  anoihc 
way  of  arranging  the  conduetor  rf,  which  consists  of  a  disk, 
provided  with  the  continuous  grooves  K'  K\  one  on  each  side 
of  it,  the  principal  lines  of  the  grooves  being  radial.     The  con- 
ductor is  placed  in  the  groove  by  laying  it  alt  around  ognir 
one  side  of  it,  ami  so  following  around  the  groove  until  the  d'li 
ferent  layers  completely  fill  it,  as  shown  at  fig.  404,  wbiiOi  h 
A  transverse  section- of  fig.  403.     The  wires  in  the  twi>  groov 
are  tlien  connected  together,  and  the  ends  tf  and  c^  conuc 
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the   insulated   collars.      By   this   metbocl   nf   winding   the 


f\g.  402. 

idactor,  the  greater  ]>art  of  it  is  caused  to  cut  the  lines  of 


Fig.  403. 

pietio  force  at  right  angles.  Consequently,  for  a  given  useful 
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effect,  leas  wire  is  required  and  the  rcsistanoe  is  to  snch  extent 
reduced.  In  another  part  of  the  specification  it  is  stated, 
that  the  disk  which  forma  the  carrier  for  the  armature  con- 
ductor is  made  of  a  suitable  diamagnetic  materiaL  PmbabW 
MessrsL  Ferranti  k  Thomson  have  somewhat  improved  this 
form  of  armature  in  the  details  of  mechanical  construction  ;  and 
the  use  of  a  flat  copper  ribbon  instead  of  insulated  wire  doub^ 


rig.  40A. 

less  presents  some  advantages,  although  we  are  inclined  to 
think,  from  the  published  reporlsof  experiments  made  with  the 
Gordon  machine,  that  this  may  also  involve  serious  disadvan* 
tages,  unless  the  copper  ribbon  is  made  quite  narrow. 

Gerard's  alternating  corrknt  machine. 

The  machine  represented  in  fig.  405  consists  of  a  movable 
inductor,  whose  alternate  poles  pass  in  front  of  an  armature 
composed  of  a  double  number  of  oblong  and  flat  bobbins,  that 
are  affixed  to  a  circle  firmly  connected  with  the  frame.  There 
is  a  similar  circle  on  each  side  of  the  inductor.  The  armature 
is  sUtionary,  and  the  wires  that  start  from  the  bobbins  are  con- 


currents,  according  to  requirements;  thus,  the  armature  may  be 
divided  into  two  currents,  so  as  to  allow  of  carbons  one  inch 
in  diameter  beiug  burned,  or  else  so  as  to  have  four,  eight, 
twelve,  twenty-four,  or  even  fortyeiglit  distiuct  circuits  capable 
of  being  used  all  together  or  in  part 
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This  machine  has  been  siudied  with  a  view  of  rendering  the 
lamps  iudependent ;  and  there  may  he  produced  with  it,  for  ex- 
ample,  a  voltaic  arc  of  an  intensity  of  from  250  to  600  oircels 
for  the  lighting  of  a  courtyaRl,  or  it  may  be  used  for  producing 
arcs  of  leas  intensity  for  shops,  or  for  supplying  incandescent 
lamps.  As  each  of  the  circuifc^  is  independent,  it  becomes  easy 
to  light  or  extinguish  any  one  of  the  lamps  at  will.  Since  the 
coudactors  are  formed  of  ordinary  simple  wires,  the  cost  attend- 
ing tlie  iiistallatioti  of  12  or  24  lanif^ts  atitouuts  to  just  about  the 
same  a-s  it  would  in  the  case  uf  a  single  cable. 

Fig.  406  represents  a  Corliss  steam  engine,  eounected  directly 
with  a  Genird  250  hoi*se-power  direct  connection  alternating 
current  machine.  According  to  the  inventor,  this  machine  is 
capable  of  supplying  1,000  lamps  uf  a  special  kind,  called  slide 
lamps,  aud  a  larger  number  of  incandescent  ones. 

SIKMEyS*    EXTERNAL   ARMATURE   MACHINE. 

In  this  apparatus  Mr.  Siemens  hns  made  the  induced  ring  sta- 
tiomiry  and  cause^l  the  inductor  to  revolve— the  inductor  in  this 
I  case  being  an  electro  magnet  having  the  form  of  a  double  T 
iron  armature,  the  latter  being  formed  of  grou])s  of  wire  wound 
around  an  iron  cylinder.  The  wires  of  the  different  groups  end 
in  the  radial  pieces  of  a  hollow  collector,  and  intemul  brushes 
puLihcm  in  connection  with  the  internal  movable  clectromi^net 

Fig.  407  13  a  general  view  of  the  machina  The  field  magnet 
is  shown  partly  in  tig.  408.  On  the  shaft  carrying  the  field 
magnet  there  are  two  collara  insulated  from  each  other,  one  be- 
ing connected  with  each  end  of  the  wire  wound  around  the  field 
magnet.  The  current  which  pas-es  througb  the  field  circuit  is 
consequently  never  reversed,  and  the  polarity  of  each  pole  of 
the  field  magnet  remains  constantly  the  saraa  As  this  field 
magnet  revolves  it  acts  upon  the  ring  in  the  same  manner  aa  if 
the  ring  it-wlf  rotated  and  the  field  magnet  were  stationary. 
Consequently,  each  section  of  the  ring  passes  through  a  phase  of 
induction  lasting  through  half  a  revolution,  during  which  th** 
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ciirreDt  is  in  a  givea  direction,  and  then  through  another  phase, 
during  which  the  current  is  in  tho  other  direction.  Each  section 
is  culting  lines  of  force  of  one  polarity  during  one-half  of  the 
revolution,  and  of  the  opposite  polarity  during  the  other  half. 
The  sections  of  tlto  armature  are  connected  to  a  commutator  in 
theeame  manner  as  in  tlie  Gramme  machines;  but  as  the  com- 
mutator cannot  revolve,  the  brush  holders  themselves  revolve. 


They  are  attached  to  the  shaft  of  the  field  magnet,  as  shown  at 
B,  in  fig.  407,  and  the  brushes  point  outward  on  the  inside  surface 
of  the  commutator  segment  The  brushes  are  adjusted  to  make 
contact  with  the  commutator  at  points  corresponding  to  the  neu* 
tral  portions  of  the  ring.  The  neutral  portions  of  the  armature 
are  constantly  running  around  in  the  direction  of  rotation,  fol- 
lowing the  magnetic  poles  and  keeping  behind  by  merely  a 
quarter  of  a  revolution. 

TBOUSOX'S    SPinCRICAL    UAOHINS. 

Fig.  409  gives  a  general  idea  of  the  Thomson  generator,  and 
the  disposition  of  its  parts.  The  revolving  armature  is  a  hollow 
shell  of  soft  iron,  secured  to  the  central  portion  of  the  shaft 
between  the  bearings,  and  is  wound  externally  with  a  copper 
conducting  wire,  constituting  three  coils  ]>ermanently  joined, 
surrounding  the  armature.  This  wire  is  fully  exposed  to  the 
magnetic  influenoeof  the  field  poles,  which  inclose  the  armature 


wire  upon  the  field  mugocu  surrounJ  not  only  tUo  iron  poleS) 
but  likewise  the  revolving  armature.  The  shaft,  which  is 
mouuted  in  babbitted  bearings  of  ample  size,  is  of  steel,  finely 
turneii  and  perfectly  true.  The  anmiture  wire  is  kept  cool  bj 
an  active  circulation  of  air  over  ita  whole  surface  during  revolu- 
tion.   The  commutatori  which  is  mounted  upon  the  end  of  the 
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shaft,  and  bas  attaclmcl  to  it  the  three  wires,  coming  from  the 
armature  through  the  tubular  shaft,  consists  of  three  segments  of 
A  copper  ring,  made  so  as  to  be  removable  in  a  moment  for  clean- 
ing or  replacement,  and  are  mounted  upon  a  metal  support,  and 
«iirrouncled  on  all  sides  by  n  free  air  space,  l^esides  this,  the 
•commutator  is  sustained  hy  support  carried  in  6angcs  upon  the 
shaft,  which  are  coated  with  hard  rubber.  The  three  commuta- 
tor segments  constitute  a  single  cop|>er  ring,  cut  into  equal 
pieces  by  slots  across  its  face.      Four  slit  copper  springs,  or  col- 


I\g.  410. 

lectors,  bear  lightly  upon  the  commutator,  and  sen'e  to  take  up 
the  current  and  convey  it  to  the  cirL-uit  These  commutator 
brushes  arc  carried  by  movable  sui>pt>rttf,  and  their  position  is 
automaticidly  regulated,  so  as  to  control  the  strength  of  tho  de- 
veloped current. 

Fig.  410  sliowB  the  automatic  current  regulator,  which  con- 
sists of  an  clectro-mngnet  attached  to  the  frame  of  tho  generator, 
the  movable  armature  of  which  has  connections  with  the  sup- 
ports of  the  commutator  bru:ihes  for  controlling  their  position. 
The  regulator  magnet  is  so  formed  as  to  produce  a  uuifunn  at- 
Uaction  u]x>n  itsarmaturciri  different  positions.     This  is  accom- 
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plishcd  by  making  the  pole  of  the  magnet  paraboloi'Ial  in  for 
with  an  o]>cDiug  in  llic  movable  armature  to  encircle  iU    Tli 
annaturo  is  hung  on  pivots,  so  as  to  be  free  to  move  to  and  from 
the  regulating  magnet  on  changes  in  the  current  traversing  the 
latter,  and  being  connected  to  the  commutator  broahea,  auto-^ 
matically  adjusts  their  [Ki^itton.     By  this  means  tlie  powers 
the  generator  is  adapted  to  mn  any  number  of  lights  within 
limit  of  capacity.     The  manner  of  its  action  is  to  ooutrol 
generation  of  the  current  at  its  source  in  the  armatarc,  And 
does  this  by  combining  certain  electrical  actions  so  as  to  obt 


fig.  411.    . 

a  differential  effect,  so  that  the  strength  of  the  current  fumislu 
shall  alwayn  be  proportional  to  the  amount  required. 

On  the  larger  generators  there  is  combined  with  the  regulator 
magnet  an  exceedingly  sensitive  controller  magnet,  fig.  411,  gov- 
erning the  regulation,  and  by  the  accuracj'  of  which  the  smallest 
variations  of  ciirrent  are  counteracted.  The  controller  magnet 
is  contained  in  a  box  placed  near  the  generator,  and  oon^sts  of 
a  delicate  double  axial  magnet  controlling  the  admission  of  the 
current  to  the  regulator  Ujwn  the  generator.  So  perfect  is  the 
action,  that  in  a  circuit  of  thirty  lights,  one-third  of  ihem  may  be 
removed  in  rapid  succession  without  appreciably  affecting  those 
that  remain. 
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DELAF1ELD\s  CNIPOLJIR   CONTINUOUS  CURRENT   MACHINE. 

Fig.  412  is  a  general  view  of  the  Dclolicld  machine,  wboes 
armature  has  neither  wire,  bars  nor  commutator.  The  machine 
consists  of  a  field  magnet  having  hollow  cylindrical  polar  ex- 
tremities, in  each  of  which  a  tubular  annature  revolves,  the  bc-ar- 
ing  of  the  armature  being  at  the  ends  of  the  cylindrical  ptilea  of 
the  field  magnet  An  auxiliary  field  magnet,  composed  t>f  tbe 
sidebars  and  cylindrical  pole  extensions,  extending  through  the 
Armature  axially,  completes  the  arrangement,  and  acting  together 
with  the  outer  magnet  produceaa  »trongmagneticfield  snrround- 
ing  tlie  armnture  on  all  sides.  The  current  is  conducted  from 
the  ends  of  the  armature  by  wires  connecting  with  the  armatora 
journals,  and  with  springs  bearing  on  the  ends  of  the  armatoie, 
The  springs  aic  applied  to  insure  a  constant  connection. 

In  operating  the  machine  tbe  current  from  one  armature  may 
be  UBcd  to  excite  the  field  magnets,  or  the  current  from  both 
armatures  may  be  taken  through  the  wire  of  the  field  mage 
or  the  field  magnets  may  be  txcited  by  a  email   liigh 
dynamo-electric  machine,  and   the  entire  current  of  the 
turcs  may  be  applied  to  outside  work. 

ZIPKKNOWSKYS   ilACBINB. 

The  Zipcmowsky  generator  consists  of  a  cylindrical  onnattiTe, 
"wound  lengthwise  with  coils  of  insulated  wire,  which  revolvi 
■within  an  electromagnet;  the  latter  cousistiug  of  an  iron  jii: 
also  wound  over  sections  of  its  circumference  with  coils  of  iusi 
lated  wire,  so  as  to  produce  a  number  of  successive  polar  fieli 
of  alternating  polarity.   The  spaces  on  the  ring  between  thecr»i 
are  formed  with  inwardly  extended  polo  pieces,  which  euihni' 
the  greater  part  of  the  circumference  of  the  annature.    Thecoi! 
of  the  armature  arc  wound  in  the  form  of  rectangles,  with  ih 
long  sides  parallel  to  the  axis,  the  width  of  each  coil  being  su 
that  its  two  sides  are  at  the  same  time  approaching  and  leaving 
two  of  the  polar  fields.     The  core  of  tlio  armature,  for  vc 
strong  currents,  is  maile  of  wrought-iron  plates,  whose  contin 
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ity  is  l)rokeTi ;  and  for  producing  continuous  uniform  currents 
it  is  formed  of  spiral-abaped  rings  of  insulated  iron,  wound  round 
a  cylinder  of  non  magnetic  mnteriaL  The  currents  are  coUeoted 
by  a  cylindrical  commutator,  which,  in  order  to  diminish  the  wear 
and  tear  of  the  plates,  ia  lubricated  by  pure  petroleum,  drawn 
from  a  tank  placed  above  it,  through  a  porous  wiek,  which  ex- 
tends from  the  tank  in  such  a  manner  as  to  bear  tangentiolly 
against  the  commutator.  The  armature  is  made  hollow  and  ba5 
openings  in  its  ends  and  periphery,  so  that  the  air,  which  ia  put 
in  motion  by  internal  oblique  fans,  may  keep  the  luachine  cool. 

The  Zipcrnowsky  generator,  although  constructed  as  a  self- 
exciting  machine,  is  generally  fitted  with  a  separate  exciter.  In 
case  it  is  to  be  used  as  a  self-exciting  machine,  the  generator  is 
fitted  with  a  switch,  by  means  of  which  the  diflEcrence  of  poten- 
tial at  the  terminals  of  the  machine  can  be  made  to  remain  con- 
stant and  independent  of  the  number  of  lamps  in  the  circuit; 
when,  however,  a  separate  exciting  inaohine  is  used,  a  rheostat 
is  employed  to  effect  the  same  result 

Fig.  418  represents  a  vertical  Gwynne  engine  coupled  direct 
on  one  side  of  the  Zipcrnowsky  generator,  and  on  the  other  side 
to  the  exciting  machine.  The  Zipcrnowsky  generator  has  been 
successfully  \ised  for  supplying  currenta  for  electric  liglils  for 
various  kinds  of  farming  work  during  the  night;  The  advan- 
tages of  working  thrashing  machines  at  night,  particularly  dur- 
ing harvest  time,  are  well  known.  It  is  stated,  as  the  n:«ult  of 
three  years'  experience,  that  twelve  thrashing  plants  fitted  with 
the  electric  light  will  produce  more  work  than  sixteen  without 
it  The  mode  of  driving  the  generator  direct  from  the  portable 
engine,  and  without  the  use  of  iin.  additional  loose  pulley,  is  shown 
in  fig.  414,  where  the  large  circle  A  represents  the  driving  pul- 
ley or  fiy  wheel  of  the  portable  engine,  B  that  of  the  generator, 
and  C  on  the  right  that  of  the  thrashing  machine.  The  ti^j 
driving  belts  work  one  over  the  other  on  the  engine  fly  \vbe4^| 
and  tlie  generator  is  fixed  on  a  special  fnune  at  a  conveoien^^ 
distance  between  the  engine  and  the  thrashing  machine. 

The  Zipcrnowsky  generator  has  also  been  successfully  used 
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in  supplying  currents  for  lighting  thoNatioual  Theatre  in  Buda- 
3*C8lh.  Fig.  415  represeute  a  small  block  plan  of  tliis  theatre 
"V'here  A  is  the  stage,  B  the  aiuiitorium,  C  the  engine  and  ma- 
chine house,  and  D  tlie  chimney.  The  engine  house  is  in  a 
tniMing  adjoining  the  theatre,  where  a  spacious  basement  urns 


lig.  41  i. 

available;  this  basement  (figs.  416,  417  aud  418)  is  divided  bv 
a  wall  into  two  j>arts,  the  smaller  of  wliich  contains  two  water 
tube  boilers,  drf,  of  Buttner'a  type,  one  only  being  required  for 
regular  work,  the  second  forming  a  standby.  Tlie  steam  siip- 
plios  two  vertical  compound  Gwyune  engines,  which  arc  placed 
one  at  each  end  of  the  engine  room,  the  main,  shafting  being 


Fig.  415. 


arrenged  between  them,  with  a  friction  coupling  at  each  extrem- 
ity, by  means  of  which  either  one  or  the  other,  or  both,  engines 
may  be  used  to  drive  the  shafting.  To  the  latter  are  keyeil  five 
carefully  balanced  driving  pulleys,  it,  running  at  180  revolu* 
tioDS  per  minute,  and  these  carry  the  belts  for  five  alternating 
current  machines,  specially  designed  for  lighting  theatres  with 
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cau  be  stretched  while  at  work,  an  arrangement  which  was  oon* 
aidered  expedient  for  the  safety  of  the  installation. 

The  generators  have  each  twelve  inductiun  coils;  twelve  cir- 
cuits are  taken  off  of  ihese^  and  are  arranged  parallel  to  sappl^ 
the  different  lainpa  The  wires  are  led  to  a  awitchboanl  fixed 
on  the  stage,  from  whence  a  larger  or  smaller  number  of  coil* 
can  be  thrown  into  circuit,  and  the  volume  of  light  iherebj 
varied.  Tlie  arrangement  in  the  auditorium,  where  128  liun[» 
are  £xed,  admits  of  nine  different  grades  of  light,  while  for  the 
stage,  where  the  lights  are  divided,  there  are  seven  Hies  with 
sixty  lamps  each  (figs.  419  aud  420),  the  power  of  which  can  ba 
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varied  in  twenty-uno  different  grades.     In  addition,  each  fly,  i 
a  whole,  can  be  varied  in  three  decrees  of  liglit  [xiwer,  and 
one  of  the  Hies  is  fittetl,  as  shown  in  figH.  419  and  420,  wit 
three  rows  of  colored  lumps,  sixty  in  each  row,  so  as  to  enabU 
the  effects  of  morning  or  evening  or  bright  daylight  to  be  pnv^ 
duced  easily. 

The  gcneratora  usetl  in  this  installation  arc  alternate  curreot 
machines;    an   extended  experience  having   pruvetl   tliat  tboi 
tamps  lust  much  longer  when  supplied  by  alternate  corrvnt  mi 
chines  than  when  supplied  by  contiauoos  current  maehii 
Ezperimouts  showed  that  with  a  contiDuoas  ourreat  the  caibo^l 
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filament  of  incandescent  lamps  showed  signs  of  wear  at  the  point 
■where  the  positive  current  enters  after  about  600  hours,  produc- 
ing a  black  spot  on  the  g!ol>e  (fig.  421).  On  the  other  band, 
when  working  with  altemato  current  machines,  the  lamps  burn 
without  deterioration  for  1,200  hours  and  upward,  after  which 
time  they  bt^in  to  show  signs  of  wear  throughout  the  carhouj  a 
slight  deposit  is  formed  on  tlie  globes,  the  carbon  becomes  thin- 
ner, the  resistance  greater,  and  t!»e  light  less  intense. 

These  experiences  have  been  piirlly  gained  at  an  installation 
consisting  of  220  incandescent  lumps  at  the  steam  mills  at  Buda- 
Pesth,  and  also  at  another  smaller  installation  of  sixty-four 
lanijxs  at  the  tlour  mills  in  Erlau.  At  tlie  first  named  place, 
after  nincty-fivo  days'  working,  the  220  lamps  had  been  burn- 
ing for  980  hours  each,  in  which  time  fifteen  ha<l  failed,  while 
six  more  had  been  accidentally  broken.  At  the  latter  establish- 
ment  the  lamps  have  burned  for  over  1,400  hours,  during  which 
time,  accopdiug  to  the  manager's  statement,  not  one  lamp  had 
)}eea  destroyed.  These  results  are  very  stmiig  evidence  in 
favor  of  alternate  current  machines  for  incandescent  lighting, 
since  the  cost  for  light  is  reduced  almost  to  that  of  coal  and 
lubricants. 

The  Zipemowsky  machine  is  wpmlly  suitable  for  arc  lampa 
At  the  lale  electric  exhibition  of  Trieste,  the  Csania  was  lighted 
with  eight  arc  lan)p3  so  successfully  that  the  Exhibition  Com- 
mission gave  an  orJer  for  ligliling  the  whole  of  the  grounds 
with  thirty-two  arc  lamps  of  600-candle  power  each.  The  gener- 
ators supplying  this  installation  were  placed  at  Lloyds  Arse- 
nal, a  distjince  of  over  three  miles  from  the  exhibition  grounds, 
which  distance  diil  not,  however,  interfere  with  the  successful 
results  of  the  installation. 

The  most  brilliant  effects  in  connection  with  this  exhibition 
were,  however,  produced  on  board  the  Lloyd  steamer  Berenice, 
whicli,  on  tlie  occasion  of  a  visit  by  the  crowned  heads  of 
Austria,  waa  most  magnificently  illuminated  with  sixty-two  in- 
eandescent  and  f<^nr  arc  lamps.  The  ship^s  deck  was  trans- 
former! into  ft  ball  saloon,  beautifully  decorated  and  artistically 
aud  most  successfully  lighted 
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So  successful  were  these  exijeriments,  that  at  present  several 
installations  are  making  for  Lloyd's  steamers.  Several  other 
successful  installations  may  be  mentioned,  one  on  board  the 
troopship  Custazza,  with  130  iDcandcscent  lamps,  which  has 
given  great  satisfaction  in  Austrian  marine  cirules,  and  one  for 
street  illumination  in  Szegedin.  The  main  street,  nearly  a  mile 
long,  leading  to  the  railway  statiou,  is  lighted  by  20  candle 
iDcaadescent  laro|>s,  while  the  place  in  front  of  the  station  is 
lighted  by  four  arc  lamps.  This  is  the  first  installation  for 
street  lighting  in  Austria  in  which  the  two  systems  of  lighting 
have  been  adopted  side  by  side,  and  the  result  is  said  to  be 
highly  satisfactory-. 

MULLKB'a   MULTIPLE    CIRC0IT  KACHIKE. 

Mialler's  machine,  which  is  shown  in  perspective  in  fig.  422 
and  in  transverse  section  in  fig  423,  furnishes  four  separate  cir- 


fly.  423. 


cnits  with  electric  currents    for  as    many  different  uses.     By 
duplicating  some  of  the  parts  of  the  machine,  the  number  of 
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different  circuits  supplied  may  be  still  further  extended,  an 
the  currents  used  interchaQgeably  for  arc  and   incac 
lights,  ele<;lric  motors,  storage  of  electricity,  and  for  many  oiher 
purposes  to  which  electricity  is  applied.     The  production  of  a 
number  of  separate  and  distinct  currents  in  one  raachinois^^ 
feature  claimed  by  Mr.  Miillor  as  one  of  great  utility.  ^M 

This  result  is  secured  by  employing  a  series  of  armature  coiK 
A  (fig.  423),  in  an  armature  wheel  rotating  between  the  poles  of 
two  powerful  multipolar  iield  magnets,  B,  the  several  bobbins 
being  divided  into  scries,  each  of  which  is  connected  with  a 
series  of  commutator  bare  forming  commutator  cylinders,  each 
being  provided  with  a  pair  of  collecting  brushes,  which  deliver 
the  current  to  the  circuit  upon  which  it  is  used.  To  economize 
power,  the  armature  coils  arc  arranged  diagonal  to  the  poles  of 
the  field  magnet,  whitih  allows  the  armature  coils  to  be  removed 
from  the  vicinity  of  the  poles  of  the  field  magnets  with  leas 
force  than  would  be  required  were  the  bobbins  exactly  radial; 
and  the  form  of  the  armature  wheel  creates  a  current  of  air 
throughout  the  machine  whicli  keeps  all  of  the  parts  cooL  The 
machine  in  ordinary  working  makes  about  eight  hundred  rev 
lutions  a  minute 

FERRARIS'S    UNIPOL.\U   MACHINE. 

The  general  appearance  of  the  Ferraris  generator  ia  eimilar  to 
Yon  Hefner- Alteueck's,  shown  in  fig.  307.  It  has  two  horse- 
shoe magnets,  connected  by  their  ends  of  like  polarity.  Be- 
tween them  are  two  cylindrical  spaces  destined  to  receive  the 
revolving  armatures.  There  are  thus  two  magnetic  fields  of 
different  polarities,  the  one  above  and  the  other  below  the  polar 
expansions  of  the  magnets,  the  lines  of  force  of  which  are  col- 
lected by  the  two  axles  of  the  armatures,  these  axles  being  con- 
nected together  by  two  friction  pulleys,  and  llius  form  a  horae- 
shoe  armature,  magnetized  by  the  electro-magneta  The  axles 
and  pulleys  are  of  soft  iron.  Around  the  axles,  and  insulated 
jErom  them,  there  are  two  cylindrical  armatures,  composed  of 
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bare  of  copper.  The  armatures  are  insulated  from  the  revolving 
axles,  and  are  connected  in  tension  in  order  to  double  the  electro- 
motive force  of  the  current 

To  diminish,  as  far  as  possible,  the  friction  of  the  collars  with- 
out having  recourse  to  oil,  which  would  hinder  the  passage  of 
the  current,  the  interior  surface  is  fitted  with  lubricating  rods 
composed  of  an  alloy  of  thallium. 

The  bars  intersect  normally  the  lines  of  force,  which  are 
strengthened  as  much  as  pr^ssible  by  filling  the  space  between 
the  axle  and  the  copper  armature  with  small  disks  of  iron.  The 
small  space  between  the  disks  and  the  bars  produces  a  ventila- 
tion sufiicient  to  cool  the  armature. 

The  circuit  of  each  branch  of  the  electro-magnets  is  connected 
"with  a  commutator,  as  well  as  with  the  conductors  of  the  shunt 
intended  for  excitement  The  maynets  may  be  grouped  at  will 
in  tension  or  in  quantity,  or  in  two  tension  groups  connected 
with  each  other  in  quantity,  Tliere  is  also  a  means  of  changing 
the  system  of  excitement  either  by  derivation  or  by  the  current 
of  an  auxiliary  machine,  and  of  introtlucing  into  the  exciting 
circuit  rcsistancea  which  serve  to  graduate  the  magnetic  field 
and  the  electromotive  forccL  By  means  of  an  intercalated  com- 
mutator the  potential  of  the  current  produced  may  bo  varied 
very  widely.  The  machine  may  be  applied,  without  any  modifi- 
cation, to  many  operations  which  require  currents  of  difEerant 
tensions. 

SCnWEBD   AND  SCIIAKKWEBKE's  CONflTA>T  CURRENT 
(JENERATOR 

In  this  machine  the  poles  of  the  magnetic  field  arc  reflected 
and  prolonged  inward  so  as  to  act  on  the  inner  portion  of  the 
armatura  In  the  outward  appearance  of  its  magnetic  field  it 
recalls  the  Ton  Hefner-Alteneck  machine,  fig.  367. 

The  field  magnets  of  the  latter,  however,  are  made  of  narrow 
pieces  of  wrought  iron  screwed  side  by  side  to  the  end  pieces, 
and  leaving  slits  between  them  for  the  purpose  of  localizing  and 
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obviating  tbe  induction  of  Foucault  currents.  In  the  Schwerd 
and  Scharnweber  machine  the  field  cores  me  constructed  of  one 
piece  of  cast  iron,  and  the  j)roIongations  of  the  i>olei»,  by  which 
the  inside  of  the  ring  also  is  made  to  cut  lines  of  force,  form  an 
inward  extension  from  the  iron  caps  bolted  to  the  polea  The 
inner  surface  of  the  armuture  revolves  verj  closely  to  the  outer 
surface  of  each  prolongation,  which  forms  a  portion  of  a  circle, 
and  thus  the  wire  inside  the  ring  is  acted  upon  by  whatever 
magnetism  there  may  be  present  there.  ■ 

The  annaturc,  v?hich  is  cylindrical  in  shape  and  wound  im 
the  same  manner  as  the  Gramme  ring,  is  fastened  to  tlie  axis  at 
its  centre.  The  polar  prolongations  extending  inward  fniru 
each  side,  leave  a  space  at  the  centre,  in  which  a  metallic  sjiider 
carried  by  tlie  shaft  can  move.  Tlie  armature  is  secured  to  the 
spokes  of  this  spider,  which  expand  at  their  outer  extremity, 
and  are  Gttcd  to  the  armature  core  at  its  centre,  a  space  beit 
left  between  the  sections  of  wire  for  the  purpose. 

^OCHHAUSE^f'3   CONTINtJOUS   CUKRENT   MACHINE. 

The  Eochhauaen  generator,  manufactured  by  the  Exoelsio 
Electric  Company,  is  shown  in  perspective  in  fig.  424.  Tb 
framework  consists  of  two  thick  plates  of  iron,  cast  in  one  pie 
with  tbe  base  and  top,  and  expanded  outward  at  the  middle  to 
make  rotim  for  the  armatiire.  To  provide  a  bearing  for  thdH 
pulley  end  of  the  armature  shaft,  the  two  curved  portions  or^ 
this  frame  arc  joined  by  an  arm  bolted  to  each  curved  plate. 
Tbe  bearing  is  at  tlie  centre  of  this  arm,  which  serves  to  insur^H 
greater  solidity  in  the  framework.  The  bearing  at  the  coramU'^^ 
tator  end  of  the  sliaft  consists  of  a  »tix>ng  A  shaped  standa 
separately  bolted  to  the  platform.  To  remove  the  armature,  ii 
case  repairs  or  chang<^s  are  to  be  made,  it  is  onl_v  necessary 
unscrew  tliis  standard  and  remove  the  pulley  from  the  shaft  < 
the  armature,  which  may  then  be  pulled  out  whole.  The  field 
magnet  cores  are  slipped  inside  the  framework,  and  are  held  ittl 
place  by  lar^re  bolts  passing  through  the  top  and  the  base  respect- 
ively.   The  Hat  plates  of  the  framework,  lying  close  to  the  wire 
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quarter  disks  are  shown  separately  in  fig.  425,  which  repreBenti 
two  of  the  foiir  sections  of  an  armature  core  united  together,  one 
heing  partially  dissected.     The  quarter  disks  arc  punched  out  o^H 
thin  sheet  iron   about  one-six  tee  ulii  of    an  inch  thick.     Tb^B| 
two  denticulationa  at  one  end  are  farther  apart  than  those  at  the 
other.     This  is  because  there  arc  two  rows  of  holes  in  the  flit 
transverse  pieces,  into  which  they  fit  and  by  which  they  are  held 
in  place.     In  fitting  them  the  narrow  and  wide  dented  ends  are 
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alternated.  Otherwise  it  would  be  necessary  to  make  all  the 
holes  in  a  row,  thereby  greatly  weakening  the  flat  piece.  T^^ 
give  solidity  to  each  section  there  are  three  quarter  cinJe  pteca^| 
of  malleable  iron,  one  in  the  middle  and  one  at  each  end, 
all  three  held  firmly  between  the  two  flat  transverse  pieces 
by  screws.  The  pieces  at  either  end  are  rounded,  so  that 
ibo  wire  may  touch  evenly.  To  prevent  the  quarter  disks  from 
touching  each  other,  a  hole  is  bored  through  every  alternate  one 
and  ft  piece  of  wire  is  passed  through  and  bent     Tlie  lower  one 
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in  the  figure  shows  one  of  these  wires.  Sixteen  sections  are 
employed- 

A  marked  advantage  in  this  manner  of  constructing  the  arma- 
turo  is  that  the  sections  of  wire  intended  for  the  armature  can 
be  wound  separately  in  a  mould  bobbin.  Not  only  is  the  wind- 
ing more  easily  done,  but  the  chances  of  its  being  faulty  are 
fnuch  diminished,  and  the  insulation  can  bo  more  easily  at- 
tended ta  Fig.  426  shows  one  of  these  sections  ready  to  be 
slipped  on  the  armature  core.  The  outside  layers  are  protected 
by  cotton,  paper,  or  other  material,  and  the  bends  are  tightly 
wound  with  cotton  cloth  atid  paiwlcd,  so  that  the  section  ma^' 
retain  tlie  form  given  it  in  the  mould,  nie  ends  of  the  wire  are 
also  looped  and  insulated.  To  place  the  sections  on  the  core  one 
of  the  transverse  8lri|>s  is  unscrewed  and  they  are  slipped  into 
place.  Each  core  section  receives  four  wire  sections.  Fig.  427 
shows  one-half  of  the  armature  core  with  its  wire  sections  in 
place. 

The  core  sections  are  connected  to  each  other  so  as  to  form  a 
fing  by  means  of  screws  which  join  the  contiguous  flat  trans- 
verse pieces  together.  The  holes  for  these  screws  are  shown 
near  the  ends  of  the  flat  pieces  iu  fig.  425. 

And  after  two  .actions  arc  connected  together,  the  ends  of 
the  two  flat  pieces  are  rounded  and  threaded,  as  shown  in  the 
figure.  Tliere  are  four  of  these  screw  tijxs  at  each  end  of  the 
cylinder,  and  it  is  by  means  of  them  that  the  armature  is 
mounted  upon  its  shaft  For  this  purpase  brass  spiders  are 
used.  Tliese  tips  pass  throngli  four  holes  in  the  circumference 
of  the  spider,  but  are  insulated  from  the  spider  by  bushings  and 
I  washers  of  gelatiuized  fibre.  Then,  by  means  of  nuts,  the  spiders 
are  firmly  secured  to  the  armature.  The  circumference  of  the 
spider  at  the  commutaT/irendof  the  armature  carries  four  eijuaro 
projections  resembling  the  jaws  of  a  lathe  chuck,  into  which  the 
commutator  disk,  fig.  28,  is  received.  The  commutator  seg- 
ments are  inaulatetl  from  each  other  and  from  the  shaft  only  by 
air  spaces.  It  is  therefore  easy,  by  slipping  a  piece  of  cardboard 
between  the  segments,  to  dislodge  any  copper  dust,  oil  or  dirt, 
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nection  between  two  contiguous  sections  of  the  armature  ia 
passed,  for  the  purpose  of  makiug  connoctioDS  to  the  commutator. 
These  counections  are  not  soldered,  but  are  made  by  inaerting 
the  end  under  a  small  brass  clip,  which,  by  means  of  two  screws, 
holds  it  firmly  against  the  radial  portion  of  the  commutator  seg- 
ment. For  convenient^e,  the  commutiitor  segments  arc  numbered 
in  rotatipn.  These  clips  are  shown  on  the  radial  ends  of  seg- 
ments 7,  8,  9,  10,  in  fig.  428. 

This  armature  presents  many  advantages  which  will  surest 
themselves  to  electricians.  Its  laminated  structure,  with  free 
spaces  between  the  wire  sections,  affords  easy  and  effective  ven* 
tilalion^  by  which  the  armature  is  kept  quite  rf)oleven  when  run 
for  a  long  time.  Another  advantage  is,  that  the  sections  are  all 
so  nearly  alike  that  the  armature  is  quite  symmetrical  when 
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^)oand  with  fine  wire,  and  consequently  needs  but  little  balanc- 
Hng,  and  can  be  revolved  closely  to  the  (iehi  magnet     The  depth 
of  wire  on  the  outside  of  the  core  is  about  half  an  inch — rather 
more  in  the  larger  and  rather  less  in  the  smaller  ones. 

For  a  machine  adaptetl  for  25  arc  lights,  the  depth  of  wire  ia 
-^1  inch.  The  No.  16  gauge  wire  in  each  section  occupies  11 
lasers  of  22  convolutions  each.  The  diameter  of  the  armature 
islS^inches,  only  one-sixteenth  inch  play  being  allowed  between 
lit  and  the  field,  which  has  a  diameter  of  IB^  inches.     The  total 
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internal  resistance  of  this  tjpe  of  machine  is  30  olima,  measured 
at  rest  between  the  binding  posts.  When  supplying  25  arc 
lights  through  an  average  circuit,  it  develops  an  electromotive 
force  of  about  1,250  volts  and  a  current  of  10  ampfirea. 

The  device  for  holding  the  hruslies  and  moving  them  Itnck* 
f  Tpard  or  forward  as  required,  consists  of  a  large  brass  ring,  B  C, 
fig.  429,  held  in  place  hy  four  rollers,  r  r  r  r  (fig.  430),  Rcrewed 
into  the  pole  pieces.     This  ring,  therefore,  moves  concentrically 
■with  the  commutator,  and  when  it  is  moved,  the  position  of  the 
brushes,  B  B  (fig.  430),  is  varied.    "Wlien   tlie  position  is  to  be 
regulated  by  liand,  a  suitaljle  insulated  hainlle  is  attached  to  this 
ring;  but  when  the  regnlation  is  accomplished  automatically,  the 
ring  is  provided  with  fine  genr  for  a  portion  of  its  circumference 
,  lit  the  right  h.ind  side,  as  shown  in  fig.  424. 
I      Kach  brush  holder  is  double,  so  that  there  are  two  bnishes  on 
each  side  of  the  commutator.     These  brushes  do  not  touch  the 
commutator  side  by  side,  but  one  is  placed  a  little  in  advance  of 
the  other,  the  space  between  being  equal  to  al>out  ono  segment 
be  function  of  ilie  second  brush  thus  electrically  connected  to 
^  the  regular  brush  is  to  short  circuit,  for  an  instant,  each  section  in 
turn  just  as  it  passes  the  neutral  point  in  the  magnetic  fn^lil.     It 
js   well  known  that  each  section  of  wire  in  a  Gramme  arma- 
ture,   while   it   is   passin.i?  over  the  neutral    point,    constitutes 
an  idle  resistance  for  a  moment  in  each  revolution,  at  which  time 
^fetifl  not  contributing  its  share  to  the  current     The  use  of  the 
^Ftwo  brushes  is  to  short  circuit  this  idle  section  and  thus  reduce 
^tbe  internal  resistance.     A  switt^i  is  used  to  put  the  current  on 
the  extennd circuit  or  take  it  off  without  giving  rise  to  injurious 
sparks,  a  diagram  of  which  is  shown  at  the  left  in  fig.  -iSO.     The 
rinciple  of  this  switch  is  simply  to  short  circuit  the  armature, 
and  cut  off  the  current  from  the  field  magnets  before  the  external 
circuit  is  broken.      For  this  purpose  the  two  metallic  contacts, 
d  df  are  brought  near  enough  so  that  the  switch  A  may  touch 
them  both  together  when  at  &     If  the  switch  were  turned  the 
other  way,  the  external  circuit  would  be  closed.     As  it  stands, 
the  external  ciictiit  is  opened  and  the  armature  short  cirouified. 
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It  is  very  desirable  that  tho  supply  of  current  ahould  remain 
constant  in  an  arc  light  circuit,  and  it  13  also  desirable  that  the 
power  consumed  should  diminish  when  some  hghts  are  cut  out 


of  tho  circuit,  and  for  this  rcawn  it  ia  necessary  to  have  recourse 
to  regulating  metboda.  About  the  easiest  is  to  move  the  brushes 
away  from  the  neutral  point  when  less  current  is  required-  By 
this  operation  some  of  tho  socttons  are  cornmutated  on  the  wrong 
Aide,  and  thus  counteract  the  induction  produced,  so  that  the 
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available  electro-motive  force  is  lowereil  nnd  ibe  current  in  the 
tjircuit  decreasei,!.     If  the  brushes  are  moved  back  90  d^iett 
from  their  normal  jx>sition,  no  currents  will  be  collected,  n&  half 
of  the  sections  will  be  fnmmutnted  wrongly  on  both  sides,  and 
will  exftctly  neutrnlizR  tlie  induction  in  the  others.     Thus  iti$ 
possible  to  so  adjust  the  brushes  that  any  desired  current  i 
be  produced.     When  the  decrease  re<juired  is  very  small, '. 
one  or  two  lights  in  a  circuit  of  ten,  this  method  is  satisfacti 
enough,  and  the  reduction  in  power  required  to  drive  the  genes 
tor,  though  not  so  low  as  with  other  means  of  regtilation,  is ; 
nearly  proportional  to  the  decrease.     IJut  when  the  variation 
greater,  the  regulation  is  not  so  economical.     However,  as  th 
majority  of  cases  only  need  a  small  range  of  regulation,  this 
method  answers  very  well,  and  Mr.  Htxjhhausen  has  applied 
to  bis  nmchine  in  a  very  satisfactory  manner.     Th©  brut>h*hold 
ring  h  geared  on  a  portion  of  its  cijicumference,  and  a  pinion, 
(fig.  459),  turned  by  a   small  electro- magnetic  motor,  cnga, 
tbcrie  geai-s,  causing  the  ring  to  turn,  and  with  it  the  bruisb«1 
This  miniature  motor  consists  of  a  ring  armature  revoIWng  be 
tween  two  field  pieces,  F  F  ilig.  429),  which  arc  bolted  to  tbe 
upper  and  lower  polo  pieces  respectively,  and  derive  their  m^- 
netismfrom  them.     The  speed  is  reduced  by  a  large  wheel,  ^ 
which  moves  a  smail  pinion,  geared   with  a  larger  wheel  con- 
trolling pinion  /     The  geared  pfulion  of  the  ring  B  C  is  re-, 
moved  in  this  figure. 

The  regulation  is  ciTecied  by  a  device  which,  when  the  C3^ 
rent  in  the  main  circuit  is  too  strong,  causes  the  motor  to  tu-'tij 
so  as  to  displace  the  brushes,  or  causes  it  to  move  the  other  waf 
so  as  to  give  them  greater  lead  when  the  current  is  too  weak.1 
This  controlling  device  consists  of  the  field  magnet,  wbicl^ 
acting  upon  an  annature,  controls  the  connections  of  the  mou 
cizcutt  As  long  as  the  strength  of  current  remains  constant,  tbe 
power  of  the  field  magnet  remains  the  same,  but  the  instant  the 
current  varies,  the  power  of  the  field  magnet  citaugea,  and  m 
armature  placed  in  proximity  to  it  detects  these  changes. 

The  apparatus  coutrolling  the  motor  and  brush  is  epolosedl 


in  the  box  at  the  top  of  ligA  42  i  und  42^J :  m  the  latter  case,  wit 
the  cover  of  the  box  removed  The  armature  is  pivoted  hori- 
zontally, and  ia  connected  dii-eclly  with  the  right  binding  post, 
branch  *'  being  given  olf  at  ihLs  conneetion,  however,  to  a  shunt, 
*",  as  more  dearly  shown  iii  fig.  430,  in  which  »i  is  the  armature 
here  sliown  vertically  for  convenience.  Attachtxl  to  the  arma- 
tare  m  is  a  small  vertical  metallic  bar,  6  (fig.  429),  which,  when 
the  normal  amount  of  attraction  is  exerted  upon  the  armature, 
presses  equally  on  two  contacts,  c  c',  from  which  wires  8,  9  (tig. 
430)  lead  to  shunts,  R'  K,  and  from  which  wires,  ^^,  also  lead  to 
the  motor. 

Fig,  430,  which  represents  an  elevation  of  the  commutator 
end  of  the  H<Khhau»en  generator,  also  shows  the  connections  of 
the  field  magnets  and  armature  as  mode  in  the  series-wound  ma- 

^^chinea  for  arc  lighting. 

^P  B^inning  at  tlie  negative  binding  post  N,  and  following  the 
circuit  by  the  wires  2,  3,  etc,  wc  cornc  to  \V,  wliich  at  u  gives 
off  a  branch  (7)  tliat  goes  to  the  shuut  and  past  the  motor.  At 
p  this  line  divides  into  two  circuits  through  K'  and  R,  through 
8  and  9,  to  c  c',  toft,  t«  12,  to  P.  Both  sides  of  the  motor  are  of 
the  same  potential,  and  consequently  it  doe^i  not  move.  If  the 
current  in  the  main  circuit  fall.s,  then  the  retracting  spring  con- 
trolling the  arm.ituif  m  (the  tension  of  this  spring  being  adjusta- 
ble by  a  screw  shown  in  fig.  42l^*)t  will  cause  the  armature  to  fall 
back,  and  thus  6  will  be  tilted  until  it  leuves  contact  withe'.  In  this 
condition  we  find,  on  following  the  circuit  from  u,  that  the  cur- 
rent is  pa.ssing  partly  through  li,  9,  c\  u>  c,  througli  the  motor 
which  would  be  set  in  motion,  and  parliy  tlirough  R',  through  8 
to  c.  If  there  were  no  resistance  in  the  coil  R',  then  the  motor 
would  be  short  circuited.  As  it  is,  llie  motor  receives  a  current 
due  U.)  the  ditlerence  of  }>otentiai  between  the  two  ends  of  R*. 

BOn  the  other  hand^  if  the  current  in  the  main  circuit  were  to 
liave  been  too  strong,  the  motion  of  the  armature  m  would  be 
such  as  to  tilt  c  out  of  oonUict.  On  following  the  circuit  from  v 
now,  it  would  be  partly  to  R',  8,  through  the  motor  to  c*,  to  6, 
and  partly  through  R,  9,  to  c*,  and  the  motor  would  move  in  an 
site  direction. 
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It  is  seen  that  one  of  the  brauches  from  t'  nlwaya  shunta  a 
greater  portion  of  the  current  past  the  motor.  But  the  branch 
11  to  V  itself  does  not  receive  all  the  current,  a  portion  being 
sliuntcd  past  through  the  branch  7,  to  shunt  coil  to  11.  ITw 
latter  shunt  could  be  dispensed  with,  since  there  is  always 
one  of  the  contacta  </  c  completing  the  circuit,  but  its  nse  insures 
the  continuity  of  tlie  circuit  in  case  of  derangement  of  the  con- 
tact arm  b,  or  from  any  other  cause.  Moreover,  wilb  thia  shunt, 
the  sparks  produced  when  the  platinum  points  c'  c  leave  oontaet 
are  prevented.  It  will  also  bo  understood  that  by  regulating  the 
reaistanco  of  this  shunt  the  amount  of  current  diverted  tbroush 
the  motor  biuncbea,  and  consequently  liie  speed  of  the  motor 
may  be  regulated. 

Aithougb  this  mguiationis  intended  specially  for  use  on  soriee* 
wound  machines  for  arc  lighting,  Mr.  Ilochhausen  also  appliea 
it  with  success  to  machines  of  the  same  construction,  but  Ehont* 
wound,  manufactured  for  iucandeaceni  lighting.  In  this  cms 
the  conti-ol  of  the  motor  cannot  be  effected  by  an  arnmture  sub- 
jected to  the  attractive  influence  of  tho  field  magnet,  wluiH 
strength  increases  inversely  with  the  current  in  the  cxtopnat  cir- 
cuit instead  of  directly.  A  separate  magnet  is  therefore  used. 
Besides  this,  the  regulation  of  the  current  in  shunt-wound  nm- 
chines  is  also  provided  for  by  means  of  a  hand  regulator 
481),  by  means  of  which  the  amount  of  resistance  intro<luood  ii 
the  field  magnet  circuit  is  varied. 

The  resistance  coils  are  looped  between  the  contact  segment? 
which  are  aiTunged  in  a  circle,  and  form  one  continuous  circuit 
Connections  are  made  from  one  binding  po«t  to  the  first  seg- 
ment on  one  side  and  from  the  other  binding  post  to  the  switch 
lever.  Thus,  supposing  the  right-hand  binding  post  to  connect 
with  the  first  segment  at  tho  right,  and  the  left-hand  one  to  coo- 
nect  with  the  switch  lever,  then,  ns  the  switch  stands,  there  are 
three  of  the  resistance  coils  included  in  the  field  magnet  circuiL 
In  one  of  the  shunt-wound  machines,  the  switch  lever  of  the 
field  resistance  regulator  was  attached  by  way  of  experiment  to 
the  brush-holdiug  ring,  and  thus  the  same  movement  sufficed  to 


id 


attendant  to  determine  readily  the  amount  of  current  in  circmt 
and  see  how  perfectly  the  regulation  of  the  supply  of  current  is 
effected.  'Hie  current  is  made  to  pass  up  or  down  through  a 
flat  Btrip  of  copper  placed  between  two  maguebio  ne^nlles  swing- 
ing on  the  Bume  pivut,  and  weighted  so  on  to  maintain  a  vertical 
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position  wlten  iio  current  is  paesing.  The  two  needles  are  inag- 
netizud  to  tlie  same  power,  but  their  poles  arc  relatively  opposed, 
so  as  to  make  an  astitic  combination.  This  elitninnk'S  the 
action  of  ihe  earth's  magnetism,  and  also  any  other  disturbing 
magnetic  influence.  The  scale  is  graduated  in  ani[»&res  by  actual 
comparison  with  a  standanl. 

The  H<x:hhausen  machines  are  made  in  six  types.  Na  1 
scries  wound  produces  one  light  of  2,000  candles.  Na  5  scries 
wound  supplies  25  arc  ligliLs  of  2,000  candles  (nominal),  and 
shunt  wound  250  incandescent  lamps.  The  8pc©<l  of  the  latter 
machine  is  750  revolutions  per  minute. 


WOODS  AUTOMATIC  CURRENT  REGULATOR. 

This  apparatus,  wliich  is  manufactured  by  the  Fuller  Elw- 
trica!  Company,  of  New  York,  is  intended  to  regulate  thccurrei!t 
of  dynaf no-electric  machines  constructed  for  arc  lighting.    Tiie 
object  is  to  provide  a  means  of  automatically  reducing  the  cur- 
rent in  circuit  when  one  or  more  lights  are  extinguished,  aiid 
automatically  increasing  it  when  the  lamps  are  agani  interposal 
Fig.  432  represents  a  front  elevation,  and  fig.  433  a  side  view, 
with  a  portion  of  the  frame  e  broken  away.     Tlie  operation  of 
t}ii3  apparatus  is  as  follows:  The  electro-magnet  1 1,  seen  on  tbe 
side  e  of  the  generator,  which  is  Interposed  in  the  main  clrcuit> 
attracts  an  armature,   tf,   this  attraction   being  opposed  b^  a 
spring,  the  movement  of  which  is  retarded  by  a  dash  j>ol    In 
case  one  or  more  lights  are  turned  off,  and  the  resistance  of 
the  circuit  thereby   decrease*!,  the  electro  magnet  I   /  bcoomes 
more  strongly    energized,   attracting    its  armature   «,    whicK 
through  the  agency  of  the  lever  i;,  presses  the  inside  rim  of 
the  friction  wheel  w  against  the  roller  x,  that  is  on  the  end  of 
the  amiature  shaft  jfe,  wliich,  by  means  of  gearing,  causes  tbe 
bruslies  to  be  moved  toward  the  minimum    pomt,  until  there 
has  been  a  sufficient  reduction  in  the  strength  of  tlie  carrent, 
and  consequently  in  the  attractive  force  of  the  electro-magnet 
t  tjUi  allow  the  spring  to  again  i>ull  the  lever  to  its  intcirmodiMe 
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un.  In  case  one  or  more  lamps  are  tume<l  on,  the  i*ftsist' 
jf  the  uircuib  will  be  increased,  the  strength  of  the  electro- 
magnet /  t  will  be  proportionately  diminished,  and  the  spring, 
acting  in  opposition  to  it,  will  press  the  outside  rim  of  the  fric- 
tion wheel  to  against  the  roller  x,  causing  the  brushes  to  move 
toward  the  maximum  point,  until  the  current  and  also  the  elec* 
tro-magnet  t  t  again  assume  their  normal  sirengtli.  When  all 
tlie  lights  are  turned  on  and  the  machine  is  running  at  its  pi-oper 
speedy  the  brushes  will  assume  their  maximum  position.  In 
case  the  speed  of  the  machine  should  be  diminished  while  the 
full  number  of  lights  are  burning,  thus  reducing  the  current, 
the  regulator  would  automatically  tend  to  move  the  brushes  to 
a  position  beyond  the  maximum  point  in  its  endeavor  to  main- 
tain the  current  retjuired  to  operate  the  full  number  of  lamps. 
As  the  brushes  cannot  be  moved  furllicr  than  to  the  maximum 
point,  the  electro-magnet  t  t  would  diminish  in  strength,  in- 
crea-^ing  the  friction  and  tending  to  wear  the  wheel  w  at  the 
^  point  of  contact  with  the  loller  x.  To  prevent  this,  the  wheel 
Hy,  that  gears  directly  with  the  sector  of  the  yoke  holding  tlie 
brushes,  is  so  proportioned  that  it  only  mahes  |  of  a  revolution 
in  moving  the  brushes  from  the  maximum  to  the  minirnum 
point  It  has  a  pin,  z,  on  ita  side,  which  engages  with  a  projec- 
tion, z\  on  the  lever  r,  raising  it  so  as  to  automatically  relieve 
the  pressure  from  the  friction  wheels  to  x,  thus  obviating  the 
tendency  to  wear.  Another  advantage  that  the  regulator  has 
over  others  is  that  the  wheel  y  is  graduated  around  its  jieriph- 
ery  so  as  to  represent  the  number  of  lights  the  machine  is  in- 
tended to  operate.  As  tins  wheel  assumes  a  p<j8ition  depending 
entirely  on  the  number  of  lights  in  circuit,  the  figures  on  the 
lim  act  as  an  index  to  inform  the  engineer  of  the  number  of 
lights  his  machine  is  oj>erating.  In  *iase  sevemi  lights  are  ex- 
tinguished at  once,  the  electro- magnets  are  energizetl  to  a  con- 
siderable extent  beyond  their  maximum  power,  increasing  the 
pressure  proportionately  on  the  fnction  wheels  and  causing 
them  to  move  very  much  faster  than  would  be  the  case  if  but 
|0ne  or  two  lamps  were  extinguished.     It  will  also  be  seen  tlmt 
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the  inside  rim  of  lUe  friction  wheel  w  is  only  about  one-half 
the  diameter  of  the  outride  rim.  The  advautage  of  this  cud- 
struclion  is  twofold;  Jirst,  the  inner  rim,  which  is  the  snuUlesi, 
moves  the  brushes  toward  the  miiiimum  point  in  a  direction  in 
which  the  commutator  is  revolving,  requiring  the  least  jiower.as  - 
the  friction  of  the  brashes  on  the  commutator  assists  it,  while  ^ 
the  outer  rim,  which  lias  the  greatest  leverage,  moves  the  brushes  .^ 
in  a  direction  opposite  to  that  in  which  the  commutator  ia  it — 
volvingT  requiring  the  most  power,  and  moves  more  slowly 
the  maximum  point;  and  secottd,  as  it  is  essential  that  tlie  cxln^^^^ 
current  bo  turned  off  as  rapidly  as  possible  wlien  lights  are  ex  — -- 
tinguished,  and  when  lamps  are  put  in  circuit  that  the  -— n — i^  ,^ 
he  tunK^<l  on  more  slowly  so  as  Ut  prevent  sparking.  Thia  oh  -^ 
joct  is  exactly  attained  by  the  apparatus  described.  Theregi^^^i 
lator  is  so  instantly  effective  in  iis  operation  that  from  one 
the  full  number  of  lights  on  a  fifty-light  dynamo  may 
turned  off  at  once  without  endangering  the  safety  of  l"".  _Jhe 
machine. 

Mr.  Wood  has  also  designed  an  electro- magnetic  apparal 
for  use  in  connection  with  the  automatic  current  rcgulat 
which  ia  placed  in  the  main  circuit,  and  connected  with  the  c 
rent  regulator  in  such  a  manner  as  to  automatically  shunt  m- 

or  less  of  the  current  from  the  electro- magnet  t  K     The  oh| 

of  this  apparatus  is  to  increase  the  scnsiliveneiss  of  the  regula'^B^r, 
so  that  the  slightest  change  in  tlie  strength  of  the  correut  ^^sfiii 
cause  a  far  greater  change  in  the  strength  of  the  rcgidator  n-^»a^- 
net  t  ij  making  its  operation  in  one  direction  or  the  other  tc^oK 
nipith 

colburk's  maghinb: 

Fig.  4S4  represents  the  Colbnm  dynamo-electnc  machine  for 
electrie  lighting.      The  frame  of  the  niachino  con^ta  o/  i 
strong  iron  case  with  the  cores  of  the  field-magnets  inclJo«/ 
toward  the  centre,  all  caiit  in  one  piece.     The  arrangement  of 
the  field-magneta  ia  such  that  the  armature  ia  oonstantly  in  i 


I.1 
-or, 

ore 
a-t 


THE  OABELLA   AB3UTUBE. 


G6S 


senta  a  machine  tleaigned  for  experimental  purposes,  ami  for  use 
in  schools  and  colleges,     p'ig.  438  shows  a  fona  of  generator 
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designed  for  telephone  exchange  use,  for  ringing  bells  and  drop- 
ping annunciators ;  and  is  said  to  be  capable  of  satisfactorily 
jForking  the  longest  trunk  lines. 

■  TUK  CABKLI^   ARVATURE. 

The  axle  of  the  Cabella  armature  ia  covered  with  an  insulat- 
ing coating,  in  which  are  fixed,  in  suitable  grooves,  numerous 
little  plates  of  copper  cut  from  a  sheet  of  ^  of  an  inch  in  thick- 
ness, in  the  form  of  a  rectangular  merimetcr  wanting  one  of  its 
greater  sides.  In  one  of  these  ai-maturea  there  are  800  plates  of 
the  form  indicated,  having  a  uniform  breadth  of  X];  inches. 
These  are  held  in  their  place  by  wedges  of  TUicanito  compressed 
between  the  successive  plates.  The  system  of  spirals  of  copper 
around  the  iron  core  forms  a  continuous  spiral  precisely  as  in 
Pacinotti'a  ring,  and  the  entire  resistance  is  very  small.  The 
advantages  offered  by  the  Cabella  armature  are,  besides  the 
smallness  of  ils  resistance,  its  solid  and  compact  structure,  which 
renders  its  disarrangement  by  centrifugal  force  difficult,  and 
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permits  tbe  convex  surface  to  be  approximated  to  within  -^d 
an  iuch  of  the  internal  sides  of  the  cavity.  One  of  these  arma- 
tures, of  the  diameter  of  two  inches,  has  been  recently  substituted 
for  the  Edison  armnlure  in  the  cavity  of  its  inductor  in  aa 
Edison  Z  machine,  use<l  to  feed  60  Kdieon  A  lamps,  that  is  to 
say,  of  16  candle  jrawer  each.  On  giving  a  speed  of  1.050  rev* 
olutious  per  miuute,  there  was  obtained  a  current  sufficiently 
intense  to  keep  burning  with  a  beautiful  clearness  160  of  suck 
lamps,  arranged  in  15  derivations,  with  ten  huups  in  paralW 
scries  in  each.  This  result  has  been  repeatedly  obUiinetl  in 
trials,  at  which  competent  judges  have  been  present  by  invita- 
tion, and  who  are  of  opinion  that  tlie  armature  constitutes  i 
very  notable  progress  in  the  construction  of  induction  machicei^ 
and,  consequently,  in  the  production  of  the  electric  light 

LUMLETS    MACHUTK. 

The  armature  of  the  Lumley  machine  is  built  up  of  a  number 
of  disks  punched  from  thin  plates  of  the  best  charcoal  iron.  Tbe 
interval  spokes  or  teeth  of  these  plates  are  let  into  a  gun-metal 
frame  attached  to  the  steel  spindle,  and  each  plate  is  separated 
from  its  neighbors  by  a  brass  ring.  Tbe  armature  is  tbco 
firmly  attached  to  the  axle,  by  collars  and  nuts.  Tt  is  then 
coiled  with  wire,  wound  in  such  a  manner  as  to  bring  both 
ends  of  the  coll  upon  the  outer  surface  of  the  wire.  The  ends  of 
the  coils,  18  in  number,  are  passed  through  a  metal  collar  or 
.sleeve  which  acts  us  a  bearing  at  one  end  of  the  machine,  and 
are  then  inserted  into  holes  in  the  commutator  bars,  which  are 
slit  through,  the  ends  being  then  firmly  screwetl  down,  thus 
holding  the  wires  tight  This  is  a  convenient  and  simple  way 
of  attaching  the  coils  to  the  commutator.  Tbe  (ield-mugnets 
are  of  an  or<iinary  shape,  the  cores  being  of  cast-iron  and  form- 
ing part  of  the  frame.  In  each  ixtlepicce  is  an  opening  for  the 
purpose  of  ventilation.  The  special  construction  of  the  arma- 
ture is  also  favorable  for  keeping  it  cool  The  length  of  the 
armature  is  9  inches;  outside  diameter  8j  inches;  numlwr  of 
sections  of  wire,  18;   resistance  of  armature,  shunt  machine, 
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.079  ohma;  series  machine,  about  1  ohm.  The  resistanco  of 
electro -magnets  shunt  machine,  7.8  ohms  ;  scries  machine, 
about  1  ohm.  The  electro- motive  foixie  of  the  former  at  the 
terminals,  when  driven  at  about  1,680  revolutions  per  minute, 
is  46.25  volts,  and  the  current  T4.2  ampdrcs,  the  machine  being 

k  adapted  for  68  Swan  lamps  of  20  candle  power  each.  The  size 
of  the  machine  ia  2  feet  fi  inches  X  2  feet  5  inches  X  1  foot  2 
inches,  and  the  total  weight  4^  cwt  The  chief  advantages 
claimed  for  the  Lumley  machine  are  good  ventilation,  absence 
^pof  Foucault  currents  and  great  strength  of  armature^  enabling  it 
to  be  eafely  driven  at  high  speed,  and  cheapness. 

CHEBTKMPS  AND   DANDKU   ALTERNATING    CUKHENT   MACHIlfE. 

This  machine  consists  of  two  series  of  six  coils  each  arranged 
on  the  end  plateSj  conatitutlng  the  inductor  ;  a  scries  of  six 
other  coiU  arranged  on  a  plate  between  constitute  the  induced 
part,  which  is  stationary;  the  plates  with  the  inducing  coils 
revolve.  The  machine  is  self  exciting — the  exciting  current 
heing  obtained  from  one  of  its  induced  coils,  the  current  of 
which  is  made  to  flow  in  one  direction.  For  this  purpose  the  cur- 
rent of  one  of  the  coils  is  brought  to  the  brushes  and  p;isst'a  into 
the  inducing  coils,  passing  through  a  commutator  which  at  each 
moment  sends  it  in  the  direction  required.  In  order  to  render 
combinations  of  circuits  passible  at  every  moment,  the  circuit  of 
each  induced  coil  is  brought  separately  to  two  terminals  on  the 
upper  plate  of  the  machine,  where  it  can  be  employed  cither 
separately  or  in  combination  with  the  others.  A  piece  of  metal 
forming  a  slide  facilitates  these  combinations.     Each  of  these 

Bcircuits  at  starting  passes  into  two  little  coils  furnished  with  an 
armature  which,  when  lowered,  unites  the  two  poles  of  the  cir- 
cuit of  the  coiL     The  result  of  this  arrangement  is,  that  when 

Ka  coil  is  not  furnished  with  an  outer  circuit  through  which  a 
current  passes,  the  armature  connects  the  two  poles  and  closes 
the  circuit;  as  soon  as  an  outer  circuit  is  formed  the  electro- 
magnet acts  and  raises  its  armature,  so  that  the  outer  circuit 
alone  remains  and  receives  all  the  current.     ^Fhia  ia  necessary 
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because  ibe  alternating  machines  of  this  type,  unlike  the  oon- 
tinaous  ones,  require  less  force  when  the  circuit  offera  le* 
resistance.  In  these  systems  if  the  circuit  is  broken,  the 
machines  immediately  absorb  a  great  deal  of  force  which  they 
transform  into  beat  in  the  iron  cores  of  the  coils ;  it  ia  desirable^ 
therefore,  that  such  an  occurrence  should  be  lm{>ossiblcT  ood 
that  the  circuit  should  be  automatically  closed  npon  itself  if  it 
happened  to  be  opened  externallj';  this  is  the  advantage  of  the 
Chortemps  and  Dandeu  apparatu.s.  This  machine,  like  tbe 
Gramme,  easily  produces  the  high  tensions  generally'  reqairtd 
from  an  apparatus  of  tiic  kind ;  it  is  coiled  with  wires  of  sotQ$< 
what  small  diameter  and  of  rather  high  resistance,  being  con- 
structed to  act  at  long  distances.  Experiment  shows  that  the 
force  aKsorbed  increases  almost  in  proportion  to  tbe  electrical 
work  produced,  which  is  advantageous  for  the  full  utilization  d 
the  motors.  The  machine  ia  very  com[)act  and  of  small  dimen- 
sions, and  when  revolving  at  a  speed  of  1,300  revolutions,  10 
Jablochkoff  candles  were  lit  and  maintained  in  steady  action. 


Weston's  dynamo  elkctbic  machine. 

Mr.  Edward  Weston  has  for  many  years  been  known  as  an 
ingenious  and  successful  inventor,  designer  and  constructor  of 
dynamo-electric  generators,  both  for  electroplating  and  clectrie 
lighting.  In  fact  the  greater  portion  of  electro- plating  in  all 
parts  of  the  world  is  now  done  by  Weston  machines;  Mr. 
Weston's  dynamos  of  both  classes  have  gained  a  wide  reputa- 
tion for  their  cotnpactness,  excellent  mechanical  constractioa 
and  durability,  lus  well  as  for  their  electrical  efficiency.  For 
these  reasons  it  has  been  thought  desirable  to  give  a  somewhat 
extended  account  of  his  work  in  this  line,  and  to  illustrate  some 
of  the  typical  forms  which  have  been  developed  by  him  from 
time  to  time,  for  although  the  Weston  machines  of  different 
classes  present  certain  resemblances  in  detail  to  the  machines  of 
Lontin,  Siemens,  Gramme  and  others,  tlicy  nevertheless  cx)ntain 
many  other  features  of  distinct  and  positive  originality. 


early  as  1872,  Mr.  WestoD,  wlio  was  then  engaged  in  the 
general  business  of  eleetro-plating  in  New  York  City,  finding 
that  the  results  of  the  operation  of  the  different  dynamo- electric 
generators  then  available  in  the  market,  as  observed  by  him  ia 
daily  use,  were  not  siitisfuctury,  undertook  toconstruet  a  muehinc 
to  be  used  for  the  ordinary  requirements  of  his  business.  This 
first  machine  was  essentially  of  the  Gramme  type,  but  it  con- 
tained some  modifications  which  served  to  increase  its  efficiency 
in  the  execution  of  the  particular  work  to  be  performed  by  it. 
During  the  following  year  he  constructed  another  machine  whicb 
was  essentially  a  Ladd  generator,  the  field  of  force  being  main- 
tained in  the  main  field  coils  by  the  action  of  an  independent 
armature.  Both  these  machines  did  very  good  service  iu  com- 
parison with  others  then  in  use,  although  much  difficulty  was 
experienced  from  the  development  of  heat  in  the  armature, 
■which  was  a  common  fault  with  all  machines  of  this  class  at 
that  date.  In  1873  and  1874  Mr.  Weston  tried  still  another 
form,  which,  in  all  essential  i^espects,  was  a  modilied  Siemens  ma- 
chine, the  most  important  cliange  being  in  the  particular  con- 
struction of  the  armature^  in  wliich  the  sectional  principle  was 
»iniroduce<l.  This  was  done  in  order  to  interrupt  and  break  up 
the  BO'Called  FoucauU  currentSr  the  circulation  of  which  within 
the  mass  of  the  armature  is  the  principal  cause  of  the  develop- 
ment of  the  excessive  heat  which  had  been  so  troublesome  in 
the  machines  before  in  use.  As  Mr.  Weslou  was  not,  at  this 
time,  in  a  position  to  afford  the  expense  of  making  dies  for 
stamping  out  wrought  iron  sections  of  the  proper  form,  he  re- 
sorted to  the  expedient  of  making  the  armature  of  soft,  cast  iron, 
in  the  well  known  form  of  the  Siemens  I  armature,  and  then 
forming  deep  transverse  grooves  in  it  at  short  distances  aj>art, 
these  grooves  being,  of  course,  at  right  angles  to  the  direction  of 
the  wire  wound  upon  the  armature,  and  to  the  direction  of  the 
Foucault  currents.  Very  satisfactory  results  were  realized  by 
these  machines,  of  wiiich  four  of  medium  size  were  constructed 
dtuing  the  years  1373  and  1874,  one  of  them  being  used  in 
ickel-plating  in  his  own  establishment 
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About  this  time  Mr.  Weston  concluded  to  dispose  of  hi« 
plating  husinea.s,  and  determined  to  devote  his  attention  exclQ^| 
sively  to  the  manufacture  of  dynamo-electric  machines  for  electn^^ 
plating  purposes,  as  it  was  evident  that  there  was  a  great  de- 
mand for  a  better  class  of  machines  for  this  work  than  had  hitii- 
erto  been  available  With  this  view  he  associated  himself  with 
the  firm  of  Stevens,  Roberts  k  Havell,  of  Newark,  New  Jerei-y, 
and  commenced  a  course  of  experiment  and  investigation  with  a 
view  of  developing  a  compact,  efficient  and  low-priced  geneni- 
tor  especially  adapted  for  the  purpose  in  view.  Among  olhiT 
experimental  machines  constructed  at  this  time,  it  may  be  of 
interest  to  mention  one  which  embodied  the  essential  character 
istics,  and  in  fact  was  a  proiotA'pe  of  a  machine  which  has  since 
attracted  a  good  deal  of  attention.  In  this  machine  the  arma- 
ture comprised  a  rj-lindrical  wooden  drum  fixcil  npon  the 
revolving  sliaft,  upon  which  a  series  of  iron  rings  were  placed 
side  by  side,  throughout  its  whole  length,  separated  from  each 
other  by  layers  of  paper.  A  copper  disk  was  placed  at  one  eml 
of  the  drum  and  the  longitudinal  wires  were  soldered  to  this 
disk.  A  spiral  commutator,  the  sections  of  which  were  so  ar- 
ranged as  to  have  an  obliquity  of  nearly  half  its  circumference, 
was  made  use  of.  This  was  found  to  be  an  excellent  machine 
so  far  as  its  performance  was  concerned,  but  was,  uecefisarily,  too 
costly  in  its  construction  to  serve  the  purpose  then  in  view. 
The  course  of  experiments  which  has  been  referred  to  finally  re- 
sulted, in  1875,  in  the  production  of  the  well  known  Wesloo 
electro-plating  machine.  As  this  generator  is  not  well  adapted  I 
for  lighting  purposes,  it  is  not  deemed  necessary  to  give  a  de- 
tailed description  of  it  in  this  place,  but  only  to  refer  to  it  90  I 
far  as  it  forms  a  link  in  the  chain  of  circumstances  which  led  to 
the  ultimate  development  of  the  more  recent  electric  light  geo- 
erators  of  the  same  inventor. 

The  external  appearance  of  the  Weston  plating  machine  is 
well  represented  in  figure  439.  Internally  it  consists  of  a  group 
of  revolving  armatures  projecting  radially,  at  equal  distancea,  front 
a  hub,  the  poles  of  which  armature  rotate  in  front  of  the  polea  of 
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an  efjual  number  of  stationary  electro- magnets,  also  ratlially  ar- 
ranged. Tho  last  named  electro- magnets  areallixed  to  and  pro- 
ject convergently  from  tho  interior  of  the  cylindrical  iron  shell, 
Q  (figure  489),  being  secured  thereto  by  bolta  as  shown.  The 
shaft,  E,  which  passes  through  the  centre  of  the  cylindrical  por- 
tion of  the  machine,  carries  at  one  end  a  pulley  whjcli  is  driven 
by  a  belt,  D,  and  upon  the  otlier  enij  a  sectional  commutator,  F, 
with  two  brushes  or  collectora,  I  L     In  this  machino  both  the 
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armature  and  field  magnets  are  in  a  single  circuit,  to  the  termi- 
nals of  which  the  flat  copper  conducting  strips,  A  A,  are  at- 
tached* 

This  has  proved  to  be  in  practice  a  very  cheap,  durable  and 
efficient  machine,  especially  as  ita  parts  when  worn  or  injured 
may  be  easily  and  cheaply  replaced  without  special  skill.  The 
manifold  advantages  which  it  presented  over  the  older  forms 
were  ao  well  appreciated  by  electro-platers,  that  it  has  had  an 
extensive  sale  not  only  in  the  LTnited  States  and  Kurope,  but  in 
^  almost  every  part  of  the  civiliisefl  world.  It  was,  in  fact,  the  first 
i  dynamo-electro  machine  of  any  kind  which  may  have  been  said 
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to  have  been  entirely  successful  in  a  commercial  point  of  view. 
It  received  awards  at  tl»e  Centennial  Exliibition  in  1876,  and  SiX 
the  Paris  Exhibition  in  1878. 

A  special  feature  wbieh  has  contributed  largely  to  the  suoce^as 
of  this  machine  is  the  automatic  cenlrifagal  governor  or  reg^t:^. 
lator,  an  ingenious  device  by  which  the  reverse  current  due 
the  polarization  in  the  electro-plating  bath  is  prevented  from  te. 
tering  aud  reversing  the  polarity  of  the  machine,  in  caae  it 
stopped  after  having  l^een  some  time  in  operation.     The  di 
trous  effects  of  such  a  reversal  to  the  articles  in  course  of  hei     -ng 
plated,  had  been  a  very  serious  objection  to  the  use  of  iljnnr^  m 
electric  machines  for  that  purpose,  e8i^>ecially  when  intrustec^^,  to 
thehandsof  unskilled  or  careless  workmen. 

In  or  about  the  year  1876,  the  subject  of  electric  lighting        bj 
means  of  currents  from  dynamo-electric  machines  began  to       ex- 
cite interest,  and  a  considerable  degree  of  attention  was  pait^^  to 
the  subject  by  different  inveutoi's  both  in  Europe  and  in        the 
United  States.     Mr.  Weston  early  foresaw  the  important 
suits   that  were  likely  to  flow  from  this  development  of 
dynamo-electric  machine,  and  as  the  electro -plating  genera 
which  we  have  referred  was  not  suitable  for  such  purpo64^    ^,  ^ 
became  nece^jiary  to  enter  upon  &  new  course  of  investigat^-^io^ 
with  a  view  of  producing  a  machine  especially  adapted 
producing  the  arc  light     Among  the  early  experimental 
chines  for  this  purpose  constructed  by  Mr.  Weston  was 
having  an   armature   of   the   Pncinotti,   better  known   as 
Gramme  type,  and  another  which  was  essentially  a  modifi< 
of  tlie  Romilly  machine,  in  which  the  armature  was  made  u^  J***' 
sepamte  rings,  capable  of  being  independently  wound  and  a-  ^1<!^ 
wards  connected  together.      Several  other  machines  were  i^TMsde 
in  1876,  essentially  of  the  type  since  brought  out  in  Eu  x^pe 
as  the  MeritCDS.      One  of  these  was  used  as  an  electric  mo'Ar, 
for  propelling  a  torpedo  boat  which  was  oonatructed  for    the 
United  States  Navy  Department  in  1879,  and  another  similar 
one  was  furnislied  to  the  department  in  1880.     The  efficiency 
of  these  motors,  which  were  of  about  six  horse  power,  ia  abom 
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DT  ihe  fact  that  a  si)ee(i  of  12.4  miles  per  hour  was  actually  at- 
tained in  trials  niude  by  the  officers  of  the  government  at 
diflerent  times, 
k  Another  form  of  generator,  presenting;  a  number  of  features 
*of  special  interest,  wns  devised  and  constructed  by  Mr.  Weston 
in  1877,  in  which  the  armature  coil  was  wound  upon  a  hollow 
drum  or  carrier  of  r.on-magnetie  material  (/ja^icrmac/ie  being 
the  material  preferred  in  practice),  and  tliis  armature  coil  was 
made  to  rotate  in  a  magnetic  field  between  the  poles  of  two 
Btationary  field  magnets,  and  also  around  a  stationary  electro- 
magnet svluated  witliin  the  hollow  carrier.  This  carrier  was  in 
the  form  of  a  cylinder,  and  was  provldcil  with  perforations  at  its 
ends  and  in  its  periphery,  thus  mftking  use  of  the  centrifugal 
force  due  to  the  rapid  rotation  of  the  coil  to  establish  currents 
of  air,  the  air  being  drawn  into  the  carrier  through  the  perfora- 
tions at  the  ends  and  expelled  tangentially  from  the  perforations 
in  the  periphery,  thus  dissipating  the  greater  part  of  the  heat 
generated  in  the  uiauhine  when  in  operation.  This  will  be 
recognized  os  the  ojwrative  principle  of  the  well  known 
centrifugal  fan  or  blower.  Its  application  to  the  rotating  arraa- 
|ture,  whereby  the  latter  is  itself  mmle  to  form  a  fan  or  blower, 
pbr  preventing  the  working  parts  of  tho  machine  from  becoming 
overheated,  is  certainly  a  \eiy  novel  antl  ingenious  one.  In 
this  machine  the  pole  i)lecc3  were  also  divided  into  sections  by 
deep  grooves  cut  entirely  through  them,  in  a  direction  at  right 
angles  to  tho  axis  of  the  revolving  armature  The  external  or 
field  magnets,  the  rt>tttiiig  armature  coils  and  the  stationary  mag- 
net within  the  armaturecoils  were  all  connected  together  in  asin- 
flo  circuit.  By  n  modification  of  the  circuit  connections  of  this 
machine,  two  wholly  distinct  external  circuits  may  be  formed* 
In  this  cijnnection  itbhould  bo  mentioned  that  an  indci)end- 
t  fan  blower  had  already  been  used  by  Mr.  Weston  for  the 
''!*anio  purpose,  having  been  applied  by  him  to  a  large  plating 
machine  as  early  as  1870. 
The  generator  which  has  been  described  was  found  to  be  a 
LOst  elHcient  and  excellent  machine,  so  far  as  its  performance  was 
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concerned,  but  tlie  expense  of  it«  construction  was  so  great  in 
proportion  to  its  capacity  that  efforts  were  continued  in  the 
hope  that  an  equally  efficient  machine  of  lesa  costly  constructioa 
might  be  devised.  Experiments  with  this  generator,  in  whicb 
the  wire  of  the  armature  moved  while  the  core  remained  sta- 
tionary, showed  thiit  it  was  as  necessary  to  divide  the  iroo 
armature  into  sections  as  when  the  whole  mass  was  rotated. 

In  1877  Mr.  Weston  also  brought  out  his  sectional  disk 
armature,  which  has  since  formed,  perhajw,  the  principal  dislia- 
guishing  characteristic  of  the  machine  built  by  him  for  lighting 
purposes.  Fig.  440  is  a  perspective  view,  showing  the  appearuoe 
of  the  body  of  this  armature  after  the  several  separate  disks 
have  been  assembled  together  and  mounted  uix>n  the  axis,  in 
readiness  to  receive  the  conducting  wire.      It  will  be  seen  that 


each  disk  is  provided  with  a  number  of  projections  upon  its 
periphery,  giving  it  the  general  outUue  of  a  oog  wheel  These 
projections  serve  to  separate  the  groups  of  coils  from,  each 
other,  and  also,  when  assembled,  form  the  exterior  poles  of  the 
armature.  Kach  disk  is  perforated  with  holes  for  admitting  air 
from  the  ends  of  the  armature  into  narrow  openings  or  spaces 
which  are  left  between  the  disks.  By  this  means  tlie  mass  of 
iron  which  forms  the  armature  is  subdivided  into  so  many  sepa* 
rate  masses  that  the  establishment  of  induction  currents  within 
it  is  effectually  prevented  Each  one  of  these  disks  is  ilit 
radially  at  one  point  in  its  periphery,  in  order  to  prevent  the 
formation  of  a  rotary  induction  current  within  the  disk  itsel£ 
The  particular  construction  of  this  armature,  as  now  made,  will 
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"be  more  fully  described  hereafter  in  connection  with  some  of 
the  more  rct^ent  forms  of  the  Weston  machine.  The  method 
of  winding  employed  in  this  armature  was  quite  similar  to  that 
of  the  well  known  Siemens  or  AltenecK*  armature ;  that  is  to 
say,  the  wire  passes  longitudinally  along  one  of  the  grooves 
parallel  to  the  axis  and  across  one  end,  returning  by  the  corre* 
sponding  and  diametrically  opposite  groove  on  the  other  side. 

The  peculiar  form  of  commutator  used  upon  the  Weston 
machine  at  this  time  is  well  shown  in  figs.  440  and  441.  Gener- 
ally speaking  it  is  similar  to  the  commutators  of  the  Siemens 
and  Gramme  machines,  but  it  differs  materially  from  these  in 
construction  by  virtue  of  the  fact  that  the  separate  insulated 
segments  of  which  it  is  composed  are  arranged  helically  on  the 
shaft,  and  are  separated  merely  by  air-spaces,  and  not  by  solid 
insulating  materials.  By  reason  of  this  peculiar  disposition  of 
the  commutator  segments,  the  rubbing  edges  of  the  collectors  or 
brushes  are  always  in  contact  with  two  segments  of  the  commu- 
tator, whatever  may  be  the  angular  jvosition  of  the  armature. 
By  this  means  greater  uniformity  in  the  strength  of  the  cur- 
rent is  secured. 

At  an  early  period  Mr.  Weston  adopted  a  peculiar  form  of 
collectors  or  brushes,  which  he  has  since  continued  to  us& 
These  are  made  up  of  ten  or  twelve  thtn  curved  sheets  or  plates 
of  rolled  copper,  slit  at  the  ends  so  as  to  form  three  parallel  fin- 
gers, and  held  against  the  c^jmmutator  at  such  an  angle  that  the 
edges  of  each  individual  sheet  of  the  whole  bundle  pressed 
against  the  surface  of  the  rotating  commutator.  The  collectors 
are  mounted  upon  a  movable  support  in  such  a  manner  that  the 
strength  of  the  current  and  of  the  magnetic  field  may  be 
adjusted  within  certain  limits  to  the  work  to  be  done,  by  varying 
the  angular  position  of  the  collectors,  so  as  to  place  them  by 
trial  in  the  position  of  maximum  efficiency. 

During  tlie  year  1877  Mr.  Weston  adopted  a  special  type  of 
generator  for  lighting  purposes.  This  machine  included  most 
of  the  improvements  which  have  already  been  described,  and 
its  general  construcUon  will  be  understood  without  difficulty 
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from  the  perspective  view  given  in  figure  441.  In  this  will  be 
seen  many  of  the  essential  cliarncteristics  which  have  been 
referred  to,  such  as  the  sectional  armature  and  sectional  pole- 
pieces,  the  spiral  commutator,  and  the  adjustable  brushes.  In 
this  machine  a  change  was  also  made  in  the  electrical  connec- 
tions of  the  generator.  This  modification  was  in  accordance 
with  a  suggestion  originally  made  by  Professor  Wheatstone, 
who,  in  a  comnmnication  to  the  Royal  Society,  in  Febniarr, 
1867,  proposed  that  instead  of  the  entire  current  only  a  portion 
should  be  made  to  traverse  the  main  electro  magnet  of  the 
dynamo  machine  for  the  purpose  of  maintaining  the  field  oi 


^^^ 
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force  The  advantage  of  this  construction  is,  that  the  machine 
is  rendered  much  less  sensitive  to  changes  in  external  resistance 
of  the  circuit  with  which  it  ia  connected,  than  when  the  arnia* 
ture  and  field  are  connected  iu  series.  When  the  shunt-wound 
machine  is  in  action,  and  a  variation  in  resistance  occurs  in  the 
external  circuit,  the  machine  in  a  great  measure  adjusts  itself  to 
the  changed  conditions.  If,  for  example,  the  resistance  increases, 
the  resistance  of  the  Held  coils  necessarily'  becomes  a  smaller 
fraction  of  the  total  resistance  in  circuit,  and  henco  a  greater 
portion  of  the  current  is  diverted  through  them.   This  of  courae 
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intensifies  the  field  and  the  electro-motive  force  of  the  current 
generated  hy  the  revolution  of  the  armature  is  correspondingly 
increased,  so  as  to  overcome  the  resistance  in  the  external  circuit 
On  the  other  hand  a  diraiouliou  of  the  external  resistance  causes 
■  more  current  to  flow  through  it  and  less  through  the  coils  of  the 
field  magiiet  Hence  the  electro  motive  force  of  the  machine  is 
in  this  case  reduced,  and  the  current  falls  oft  in  a  corresponding 
ratio.     An  incidental  advantage  of  this  method  of  winding  is 

•  that  dynamos  of  the  same  dimensions  may  readily  be  wound 
with  wires  of  different  thicknesses,  and  it  therefore  presents 
advantages  to  the  manufacturer,  aa  it  enables  him  to  produce 


'^-fe 


'■<!- 


I 


machines  capable  of  generating  currents  differing  widely  in  elec- 
tro-motive force  and  volume  without  changing  in  any  way  the 
essential  construction  or  dimensions  of  a  given  type  of  machine. 
Figure  442  is  a  front,  and  Kg.  443  a  rear  view  in  perspective 
of  the  earlier  machines  of  the  construction  which  Mr.  Weston 
has  finally  adopted  as  a  standard.  Although  the  general  form 
of  thepreoeding  machine  has  becnretaine<l,itwiUbenotice<l  that 
there  arc  some  marked  changes  in  the  details  of  construction. 
The  pole  pieces  are  made  heavier  and  are  brought  somewhat 
nearer  together  than  before,  thus  inclosing  a  greater  portion  of 
the  circumference  of  the  armature.    Instead  of  a  commutator 
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baring  a  small  number  of  sections  arranged  helically,  as  in  the] 
machine  last  described,  a  great  number  of  sectioni^  are  emploj^ed 
oorreapondiog  to  an  equal  number  of  coiIh  upon  tbe  armature, 
and  the  commuUitor  segments  are  made  parallel  to  the  axis  of 
the  armature  in  the  ordinary  manner.  This  machine  was  some- 
what changed  and  improved  in  its  mecbanical  construcUorv 
although  not  essentially  altered  in  its  working  pans,  in  tlie  ' 
early  part  of  1881,  at  which  time  the  present  standard  Weston 
maohino  was  first  put  upon  the  murkeL 

This  machine,  which  is  yhown  in  Vigs.  444  and  445,  has  been 
very  carefully  studied^  not  merely  in  iia  general  electrical  and 
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mechanical  design,  but  in  all  its  details.  The  general  constrtf 
tion  and  arrangement  of  the  Weston  machine  of  1379  are  re- 
tained, but  numenms  minor  modifications  and  improvements 
have  been  made,  which  add  materially  to  its  efficiency.  The 
mechanical  design  lias  been  much  improved  in  one  important 
respect,  by  casting  the  aupporta  for  the  armature  bearings  in- 
t^ral  with  the  j)ole  jiieces,  thus  securing  the  gnratest  possible 
strength  and  rigidity  for  the  frame.  At  its  commutator  end  the 
armature  bearing  is  supported  only  from  the  lower  pole  piece, 
as  the  strain  upon  tbe  bearing  at  thai  end  is  comparative!/ 


Weston's  dynamo  ELEcrrRia  machike. 


G67 


ad  this  construction  enables  tlie  commutator  to  be  left 
open,  so  as  to  be  readily  accessible.  The  beariug  adjacent  to 
the  driving  pulley  is,  however,  supported  by  projections  from 
both  the  upper  and  lower  polo  pieces,  arranged  in  the  form  of 
an  arch,  as  shown  in  Fig,  445.  As  a  closed  magnetic  circuit 
would  be  formed  bciwecn  the  pole  pieces  if  the  projecting  sup- 
ports were  brought  directly  together  at  the  shaft,  thus  diverting 
the  lines  of  magnetic  force  from  the  armature,  a  heavy  brass 
bashing  surrounding  llie  shaft  ia  interposed  between  the  sup- 
ports and  firmly  secured  to  thejn  by  bolta  The  general  arrange- 
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ment  of  the  machine,  as  will  be  seen  from  the  illustrations,  is 
at  once  symmetrical  and  elegant,  atid  in  fact  the  design  leaves 
little  to  be  desired,  either  from  a  mechanical  or  electrical  point 

[  of  view. 

The  most  !m|>ortant  of  the  distinctive  features  of  the  *Westo)i 
machine  is  the  sectional  armature,  which  has  already  been  re- 
ferred to,  and  which  is  retained  in  the  present  machine.  The 
grooves  for  holding  the  wire  are  made  of  less  depth  than  in  the 
earlier  machine,  in  onler  to  bring  the  wire  of  llie  armature  nearer 

|tO  the  pole-pieces  of  the  field  magnets,  which  has  been  found  to 
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increase  tbe  efliciency,  and  the  sliapo  of  the  end  pieces  has  been 
improved.  The  armature  core  is  built  up  o£  iron  disks,  as 
shown  in  Fig.  446,  cacli  disk  being  of  the  form  shown  in  the 
upper  part  of  tlie  game  figure,  at  the  lefL  Thcite  are  secured 
together  side  by  side  u))on  the  armature  shaft,  bat  separated 
from  each  other  so  as  to  leave  narrow  spaces  between  them. 
These  spaces  serve  not  only  to  break  up  the  continuity  of  the 
core  and  thus  prevent  the  formation  of  induced  currents,  bat 
also  form  the  ventilating  spaces  for  the  esca[)e  of  air  from  the 
interior  of  the  armature.     The  armature  is  made  to  act  as  a  oeo- 


^ 


Fig.  446. 

trifugal  blower,  in  the  manner  already  explained,  in  order  to 
maintain  a  circulation  of  air  through  the  core  and  about  the 
coils,  which  dissipates  whatever  heat  may  be  generated  in  them. 
The  armature  wires  are  spread  apart^  where  they  pass  across  the 
hea<ls  of  the  armature  by  means  of  flanged  ])Iates  (showu  some- 
what removed  from  the  head  of  the  armature  in  Fig.  446),  so  as 
to  leave  an  opening  around  the  shaft  for  the  admission  of  air, 
which  pa.si'cs  into  the  interior  of  the  armature  and  is  expelled 
through  the  spaces  between  the  coils  by  centrifugal  force.  With 
a  secitional  armature  and  this  system  of  venlilatiou,  no  trouble 
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whatever  U  experienced  from  heating  of  the  core  or  coils,  al- 
though t}ie  development  of  beat  in  machines  of  this  type,  having 
solid  annatu re  cores,  -was  formerly  so  great  as  to  be  an  almost 
insnperable  obstacle  to  their  use.  The  armature  when  complete, 
with  ita  coila  connected  to  the  commutator,  is  shown  in  Fig.  447. 


Fuj-   446. 

The  great  increase  in  the  number  of  sections  in  the  commntator 
reduces  the  sparking  at  the  brush  contacts  and  prevents  the  cur- 
rent from  discharging  across  from  one  brush  to  the  other.  The 
number  of  sections  formerly  used  was  eight;  in  the  present  ma- 
chines, from  forty -eight  to  one  hundred  and  forty  ai-e  used. 


Fig.  «7. 

As  the  intensity  of  the  spark  at  the  commutator,  as  well  as  the 
iKm(X)thuefts  of  the  current,  depemls  largely  upon  the  method  in 
which  the  annature  coils  aro  wound  and  connected  to  it,  Mr. 
AVeston  has  bestowed  much  attention  uj^on  different  systems  of 
winding  as  applied  to  cylindrical  armatures.  The  continuous 
■winding  of  the  coils  in  a  single  closed  circiut,  with  loops  taken 
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out  to  the  successive  commutator  sections,  which  waa  introHuoed 
bv  Gramme,  was  undoubtedly  a  very  great  improvement  upon 
any  system  which  had  before  been  used ;  but  it  is  obvious  thai 
this  winding  cannot  be  applied  to  a  cylindrical  armature  with- 
out considerable  moditication,  since  in  winding  coils  upon  a  cyl- 
inder, each  coil  fills  up  two  diametrically  opposite  spacea.solbtl 
the  entire  surface  of  the  cylinder  is  covered  in  winding  half  way 
round,  while  only  half  as  many  loops  are  token  off  at  the  junc- 
tions of  the  coils  as  there  shoiihl  he  sections  in  the  comrautalor. 
To  overcome  this  diiEculty,  Mr.  Weston  devised  the  Bvstem  d 
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winding,  of  which  a  diagram  is  given  in  fig.  448.  For  the  sake 
of  simplicity,  only  eight  coils  are  shown  in  the  illustration,  but 
it  is  obvious  that  the  same  principle  may  be  applied  to  any  other 
even  number.  If  it  is  assumed  for  instance,  that  the  winding 
commence  atfl,  the  coils  follow  the  course  indicated  by  Oie 
full  lines,  and  at  each  place  where  the  wire  passes  from  one  coil 
to  another,  a  loop  is  taken  off  for  connection  with  a  correspontl- 
itig  segment  of  the  ccimmulator.  After  winding  four  coila,  it 
will  be  observed  that  all  of  the  spaces  on  thearmaturehave  been 
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occupied,  while  tliere  are  onl^  four  loops  for  attachment  to  the 
oommutator,  while  there  should  be  eight  In  order,  therefore, 
to  supply  the  remaining  four  loops,  a  second  set  of  coils  is  wound 
OA  shown  by  the  broken  lines,  and  additional  1<m>])S  are  taken  off 
in  the  same  way  until  the  entire  surface  of  the  armature  has 
again  been  gone  over,  after  which  the  last  terminal  of  the  second 
set  of  ooils  is  connected  to  the  entering  terminal  of  the  first  set 
k«t  a.  Supposing  now  that  the  brushes  are  in  contact  with  eom- 
'^  mutator  plates  connected  with  in  m,  the  course  of  the  current 
through  the  coils  may  be  tmced  by  following  the  direction  iudi* 


cated  by  the  arrows.  If  this  is  done,  it  will  bo  seen  that  the 
current  divides  and  passes  through  the  coils  on  each  side  of  the 
dividing  line  from  m  at  the  right,  to  m  on  the  other  side.  If 
any  other  pair  of  diametrically  opposite  loops  be  taken,  the  cur- 
rent  will  l,e  found  to  follow  a  similar  coursa  By  covering  the 
entire  surface  of  the  armature  with  the  first  setof  coils,  and  then 
again  with  the  second,  the  second  set  of  coils  ai-e  su|>erposed 
upon  the  first,  in  a  manner  which  will  be  understood  by  refer- 
ence to  fig.  449,  which  represents  a  transverse  section  through 
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the  armature.  The  white  circle  indicates  the  wires  of  the  i 
set  of  coils,  unti  the  black  ones  those  of  the  first-  This  ar^ulg^ 
zneul,  however,  was  found  objectionable  iu  practice,  as  the  coils 
of  the  second  set  were  not  only  longer  than  those  of  the  iirFt, 
but  were  nearer  to  the  poles  of  the  field  magnet,  and  movecl 
faster  on  account  of  being  further  from  the  shaft  Hence,  Uie 
two  seta  of  coila  were  not  electrically  balanced,  and  an  objection- 
able Bpark  was  produced  at  the  commutator.  This  diflicuUy  was 
overcome  by  the  expedient  of  wiuding  the  coils  of  tho  two  sett 
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side  by  side,  as  shown  in  tlie  diugrum,  fig.  450.  In  this  metM 
of  winding,  each  coil  occupies  the  same  relative  position  ffitli 
reference  to  the  armature  core  and  the  field  ;  and  a  perfect  €l«- 
trical  balance  is  obtained,  by  reason  of  which  tlie  spark  fet  tbe 
commutator  is  reduced  to  a  minimum.  A  modification  of  \^ 
method  of  winding  which  is  shown  in  diagram  in  fig.  4ol,  las 
been  found  to  be  more  convenient  to  winil,  and  in  some  respects 
more  efficient  in  its  operation.  In  this,  the  coils  of  the  twofctt 
arc  alternately  superposed,  so  that  both  sets,  as  a  whole,  vrtvAt- 
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jcctcd  to  precisely  the  same  conditions,  and,  of  course,  are  elec- 
trically lialanced.  With  machinca  of  the  improved  typo  when 
wound  in  this  way,  the  Bpark  on  the  commatator  in  hardly  per- 
ceptible. In  fig.  452,  an  ingenious  mode  of  connecting  the  coils 
to  the  commutator  is  shown,  which  is  designed  for  use  iu 
madiines  of  high  electromotive  force,  such  as  are  used  for  arc- 
lighting  circuits.  In  machines  having  commutators  of  this  gen- 
eral type,  the  coils  are  sometimes  burned  by  the  accidental  short 
circuiting  of  two  adjacent  conunutator  section.^.  In  the  arma- 
ture represented  in  figure  452,  there  ai-e  two  distinct  sets  of 


[coils,  distinguiithed  by  the  white  and  black  lines  respectively, 
which  alteroate  throughout  the  circumference.  These  arc  con- 
nected to  alternate  plate*  of  the  commutator  in  the  manner 
shown.  It  is  obviously  impassible  to  short  circuit  any  coil  by 
connecting  adjacent  eectiuus  of  the  commutiitor,  while  the  chance 
of  an  accidental  connection  being  formed  between  three  conaecu-j 
live  sections  is  very  small.  ^ 

The  unusual  rigidity  of  the  frame,  and  the  great  accuracy 
with  which  the  mechanical  work  on  tliese  machines  is  done,  ren- 
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ders  it  poaaible  to  run  tbe  armature  wilb  aa  extremely  smail 
clearance  between  its  surface  and  the  pole-pieces  of  the  ticlA 
The  cores  and  pole-pieces  of  the  field  magnets  are  made  very 
heavy,  so  OS  to  maintain  an  intense  field,  with  comparativeljr 
httle  expenditure  of  current  energy  ;  and  the  pole  projections 
on  the  armature  bring  a  part  of  the  magnetic  material  of  the 
core  almost  directly  into  contact  with  tlie  pole-pieces,  so  as  to 
concentrate  all  the  lines  of  force  traversing  the  field  directly 
upon  the  armature-  All  of  these  features  of  construction  con- 
tribute to  the  ability  of  this  machine  to  produce  the  requisite 
electro-motive  force  with  very  small  internal  resistance^  anJ  at 
a  comparatively  low  speed, 


The  ratio  between  the  resistance  of  the  armature  and  tlif 
normal  resistance  of  the  exterior  or  working  circuit,  in  tbc* 
machines,  is  about  one  to  forty,  indicating  the  remarkably  BPall 
waste  of  only  2J  per  cent  of  the  total  current  energy  >n  *^ 
armature.  The  plan  of  placing  the  field  coils  in  derived  circuit. 
instead  of  in  the  main  circuit,  has  already  been  referred  to. 
This  arrangement  of  the  fields  as  we  have  seen,  was  suggested  »l 
an  early  period  in  the  history  of  the  dynamo  machine,  but  its 
advantages  have  not  until  quite  recently  been  properly  appr^ 
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dated.  The  £eld  ooiU  are  made  of  comparativelj  Hgh  resist* 
aacc,  BO  as  to  divert  into  the  field  circuit  only  a  very  small 
fraction  of  the  total  current  (vat7iDg  from  2^  to  &  per  cent  in  tlie 
different  machines).  Frum  the  coustruction  of  the  machine  there 
can  be  but  little  mecbaical  resistance  offered  by  the  air,  and  the 
frietioa  at  the  journals  is  also  quite  small  The  twenty -light  ana 
machine  runs  at  900  turns  per  minute,  and  gives  a  current  of 
about  18  to  20  ampdrca  witii  twenty  lamps  in  circuit,  having  au 
average  resistance  of  1^  ohms  each,  or  in  all,  80  ohms.  The 
mechanical  energy  require!  to  effect  this  work  is  about  14 
horse  power.  This  indicates  an  extremely  high  efficiency, 
probably  higher  than  lias  been  attained  in  any  similar  ma* 
ehine 

The  Weston  machine  for  supplying  incandescent  electric 
lamj>s  is  of  the  same  general  type,  and  is  equally  elEcient  in 
its  performance.  It  haA  been  very  carefully  designed  in  all  its 
details  and  is,  in  one  respect  at  least,  entirely  unique. 

lucaudcscenl  lamps  arc  arranged  iu  multiple  arc  or  parallel,  in- 
stead of  in  series,  and  hence  it  is  important  that  the  cleclrc>-mo> 
tivc  force  at  the  machine  should  be  kept  constant,  while  the 
quanlity  or  volume  of  current  should  vary  directly  as  the  uum* 
ber  of  lamps  which  are  being  supplied  from  the  machine. 

It  is  obvious,  that  with  a  generator  of  constant  electro- motive 
force,  a  system  of  incandescent  lights  would  be  entirely  self-re- 

E 

gulating;  for  ainoe  C^— ,  if  E  be  constant,  C  will  vary  in- 

versely  aa  B ;  but  in  the  multiple  arc  system  of  distribution,  the 
resistance  varies  inversely  as  the  number  of  Iam|)s  in  circuit ; 
and  accordingly  with  E  constant,  C  varies  directly  as  the  number 
of  lamps,  assuming  of  course  that  all  the  lamps  are  alike  in  their 
resistance. 

In  any  dynamo-electric  machine,  a  variation  in  the  ex- 
ternal resistance  reacts  upon  the  quantity  or  volume  of  the 
current  generated,  and  in  addition  to  this,  the  electro- motive 
force  of  the  current  is  affected  by  variations  in  the  quantity,  so 
that  any  considerable  increase  or  decrease  in  the  number  of 
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lights  in  circuit,  materially  varies  the  strength  of  the  curreoi 
passing  through  the  remaining  lamps  and  makes  a  rcadjastment 
of  the  machine  necessary.  Regulators  of  various  kinds  have 
been  used  to  overcome  this  difficulty,  which  operate  to  vary  ibe 
strength  of  the  lield  to  compensate  for  changes  in  the  number  of 
lamps  in  circuit.  Such  devices,  whether  manual  or  automatic, 
are  oiiviously  objectionable,  as  they  not  only  complicate  the  ap- 
paratus, but  they  cannot  be  relied  upon  in  all  cases  toact  quick- 
ly enough  to  protect  the  lamps  in  case  of  a  sudden  increase  in 
the  current. 

Mr.  Weston  haasunceoded  in  constructing  a  machine  of  which 
the  electro-motive  force  is  constant  under  all  variations  in  the 
resLstiince  of  the  external  circuit,  and  is,  therefore,  practicalljr 
independent  of  the  quantity  of  the  current     The  most  sudden 
and  extreme  fluctuations  in  quantity  seem  to  exert  no  apprecli* 
ble  influence  upon  the  electro-motive  force.     It  has  been  found 
that  with  the  100  machine,  99  of  the  lamps  may  be  switched  Mt 
at  once  without  endangering  the  remaining  lamp  or  peroeptiWy 
affecting  its  brilliancy.     This  is  a  most  remarkable  result,  and 
its  practical  importance  in  connection  with  the  incandesceot  fj^^ 
tem  of  lighting  can  hardly  he  overestimated- 

In  order  to  accomplish  this  end  a  number  of  changeswere 
made  in  the  form  and  in  the  proportion  of  the  difleront  parts  erf 
the  machine.  It  was  found  to  be  essential  to  construct  it  in 
such  a  manner  that  the  inductive  influence  of  the  Held  magneto 
by  which  the  polarity  of  the  armature  core  is  largely  dew- 
mined,  shall  so  far  picpondernte  over  the  inductive  influeoM  of 
the  cun-ents  traversing  the  coils  of  the  armature,  as  to  pncti- 
cally  neutralize  the  effect  of  the  latter,  or  at  least  to  cause  ll'^ 
polar  line  of  the  Qeld  and  that  of  the  armature  to  be  practically 
coincident  at  all  times  during  the  normal  operation  of  the  m!»- 
chino  within  the  limits  of  the  strength  of  current  which  itis'l*' 
signed  to  maintain.  The  attainment  of  this  result  ia  materialiy 
aided  by  reducing  the  internal  resistance  of  the  armature  oiU 
to  the  lowest  possible  point,  and  cUmiDating  as  far  as  possible 
all  local  action  therefrom.    In  fact  if  it  were  possible  to  coo- 
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struct  an  armature  having  coils  without  appreciable  resiHtance, 
no  other  modification  of  the  ordinary  machine  would  be  neces- 
sary. In  order  to  sccnre  the  necessary  coincidence  between  the 
polar  lines  of  the  field  magnet  and  the  armature  in  the  most 
economical  and  efficient  manner,  Mr.  Weston  makes  use  o£  mas- 
sive and  powerfully  excited  field  magnets,  provided  with  the 
improved  pole  pieces  of  contrary  magnetic  polarity  enclosing 
between  them  a  cylindrical  armature  of  the  generalconstruction, 
which  has  already  been  described.  The  diameter  of  this  arma- 
ture is  such  as  to  nearly  fill  the  cylindrical  space  between  the 
poles,  which  lalter  are  brought  cotisiderably  nearer  together 
than  in  the  ordinary  form  of  machine.  By  reason  of  this  pe- 
culiar construction  the  magnetic  circuit  between  the  pole  pieces 
is  practically  closed,  and  ihe  lines  of  magnetic  force  are  but 
slightly  deflected  as  they  pass  through  the  armature  from  one 
pole  of  the  field  magnet  to  the  other.  The  sectional  construc- 
tion of  the  armature  core,  which  is  composed  of  a  scries  of  de- 
tached disksas  already  explained,  prevents  the  ciiculation  with- 
in it  of  Foucault  currents,  which  would  otherwise  tend  todisturb 
the  projwr  position  of  the  polar  lino.  The  armature  is  wound 
with  conductors  of  unusually  large  cross  section,  and  tliese  arc 
di3iX)scd  about  it  in  the  t^mallest  possible  number  of  convoiutions, 
this  being  important,  notonly  to  reduce  to  a  minimum  the  mag- 
netizing influence  of  the  armature  coils  upon  the  core  in  propor- 
tion to  the  exterior  inductive  influence  of  tlie  field  magnet, 
but  to  reduce  the  resistance  of  the  armature  condnctor  itself  to 
the  lowest  possible  point.  The  principle  of  this  machine  will, 
perhaps,  be  more  readilj  understood  by  a  consideration  of  the 
magnetic  condition  of  the  core  of  an  ordinary  cylindrical  or  an- 
nular armature,  having  its  coils  wound  in  a  direction  parallel  to 
its  axis  of  rotation.  In  this  case  the  position  of  the  polar  line, 
that  is  to  say,  of  a  stmight  line  passing  through  the  axis  of  the 
annature  and  through  the  opposite  points  of  maximum  mag* 
netic  attraction  in  the  armature  core  during  the  normal  opera- 
tion of  the  machine,  is  determined  by  two  forces;  fii-st,  the  cur- 
[ rents  traversing  the  coils  of  the  armature  and  the  corres]X)nding 
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currentti  circulating  within  tbe  body  of  the  armature  itself,  both 
of  which  conspire  to  establish  the  polar  liue  at  right  angles  to 
the  polar  line  of  the  field,  and  second,  the  polarity  due  to  the 
inductive  magnetic  influence  of  tbe  field,  wliich  tends  to  estab-     i 
lish  a  polar  liue  iu  the  armatui'e  coincident  with  its  own.  Thc8^| 
forces  acting  in  a  direction  perpendicular  to  each  other  tend  to 
fix  the  resultant  polar  line  of  tbe  armature  in  a  dircL:tioa  be- 
tween the  two  normal  directions  indicated,  the  actual  angular 
position  depending  upon  the  relative  strength  of  the  two  foroea 
That  this  is  true  will  be  obvious  upon  consideration  of  the  fact 
that  in  all  prior  dynamo  machines  the  diametrical  line  upon 
which  the  collectors  touch  the  commutator,  when  adjusted  to  i«- 
ceive  the  maximum  strength  of  current,  is  always  more  or  leas 
in  advance  of  the  line  joining  the  theoretical  maximum  points, 
which  is  a  lino  at  right  angles  to  the  polar  linc-of  the  field.    ^jH 
will  be  found  that  in  all  cases  tliey  are  more  or  less  advanced  ifl^ 
proportion  to  the  strength  of  current  induced  in  the  armalur^ 
as  compared  with  the  consequent  magnetizing  influence  exi 
thereby  in  a  direction  at  riglit  angles  to  the  action  of  the  fiel 
magnet     No  doubt  the  irregular  rise  and  fall  of  the  electro- 
motive force,  observahle  in  many  dynamo    roaohines,  arises 
largely  from  this  angular  displacement  of  the  pjlarity  of  the  ar- 
mature, the  eflect  of  which  is  to  reduce  the  number  of  lines  of 
force  cut  by  the  coils  in  the  same  manner  as  by  the  removal  of  tbe 
field   magnets  to  a  greater  distance  from  the  armature.     Mr. 
Weston  discovered  tliat  by  properly  observing  the  couditioa 
above  indicated  in  tbe  coostmctioa  of  his  machine  it  was  pi 
sible  to  bring  the  polar  line  of  the  armature  into  close  coinci' 
dence  with  the  polar  line  of  the  field,  and  thus  to  make 
actual  points  of  maximum  potential  upon  the  commutator  coi 
respond  with  the  theoretical  points,  rendering  it  [x>ssihle  to  vary 
the  external  resistance  to  any  extent  witiiin  the  working  liraita 
of  the  machine,  without  perceptibly  changing  the  electro-motiws 
force  or  potential,  as  measured  at  the  terminal  of  the  armatar* 
circuit     Such  a  machine  may  be  run  in  eitherdirection  withoiK. 
altering  the  position  of  the  brushes,  and  so  long  as  the  apo^w 
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of  the  rotation  of  the  armature  is  kept  constant  tliere  will  be  no 
[icrceptible  variation  in  potential. 

The  armature  of  tliia  machine  is  wound  in  a  peculiar  manner, 
so  as  to  bring  an  even  number  of  convolutions  into  each  single 
layer,  each  convolution  being  <x>nnecte<l  with  a  separate  commu- 
tator section.  This  is  done  by  winding  side  by  side  a  portion 
of  the  convolutions  in  pairs  and  another  portion  singly,  begin- 
ning alternately  from  opposite  sides  of  the  same  end  of  the 
cylinder  and  afterwards  uniting  the  convolutions  lu  such  a  man- 
ner as  to  form  a  single  circuit. 

D£    ROUILLY'S  UACHIN'E. 

The  De  Romilly  generator,  which  has  been  mentioned  in  con- 
nection with  Mr.  Westou'a  early  investigations,  was  patented  in 
France,  in  1366.  This  invention,  which  embodies  some  of  the 
most  valuable  discoveries  in  the  science  of  dynamo  electricity, 
is  described  in  the  patents  as  follows : 

When  we  cause  a  metallic  plate  to  pass  before  the  pole  of  a 
magnet,  perpendicularly  to  the  axis  of  this  magnet,  whether  tlie 
movement  is  reciprocal,  or  whether,  having  the  form  of 
a  disk,  it  revolves  without  interruption  before  tlie  poles, 
there  are  set  up  in  tliis  place  induced  currents  perpendicular  to 
the  direction  of  movement,  and  of  the  same  aigu,  before  and 
after  the  passage  in  front  of  the  pole.  This  plienomenon,  which 
was  discovered  by  Arago,  has  received  the  name  of  magnetism 
of  rotation,  or  magnetism  of  movement  It  is  the  collection  and 
utilization  of  induced  currents,  which  are  produced  when  a 
metal  plate  passes  before  the  (xjle  of  a  magnet,  perpendicular  to 
its  axis — -currenta  which  are  set  up  perpendicular  to  the  direction 
of  the  passage  of  the  current — that  is  to  say,  the  collection  and 
utilization  of  those  currents  due  to  what  is  named  magnetism  by 
movement,  or  magnetism  of  rotation,  which  I  propose  to  reserve 
by  the  present  patent  Induced  current*,  wl)ich  up  to  the  present 
lime  have  been  utilized  by  employing  artiiiciHl  or  natural  mag- 
nets, have  always  been  produced  by  the  successive  reciprocations 
I  of  a  bar  of  soft  iron  carrying  one  or  several  wires  coiled  in  a 


680 


THE  ELEOTBIC  LIGHT. 


direction  jj^rpendicuJar  to  its  axis,  and  passed  in  front  of 
inductor  magnet  in  such  a  way  as  to  be  magnetized  or  demag- 
netized rapidly  (aa  i»  theClarkeand  Alliance znacbines),  or  they 
have  been  produced  by  the  passage,  and  the  successive  and  rapid 
intermptioES  of  a  current  from  a  voltaic  battery,  in  an  inductor 
wire,  coiled  round  a  bar  of  soft  iron,  and  itself  covered  with  a 
coil,  in  which  is  set  up  the  induced  current  (as  in  induction 
coils  or  Kumkhoi-if  inacliincs).  Here  it  is  necessary  to  pa^ 
before  the  pole  of  a  magnet,  or  between  the  two  [Hjled  of  a  mag- 
net, a  piece  of  metal  of  high  conductivity — a  plate  or  a  copjie^H 
wire,  for  example— and  to  collect  the  current  thus  obtaiuedH^ 
Experiments  made  up  to  the  present  time  have  been  conducted 
with  revolving  disks,  or  with  plates  passing  and  repassing  be- 
fore the  poles.  The  currents  thus  produced  are  very  weak, 
which  has  rendei"ed  it  impossible  to  collect  thera  so  as  to  employ 
them  as  ordinary  indnced  currents.  What  rendere  the  current 
so  feeble  is,  in  the  first  place,  tlio  continuity  of  the  plate  or  disk, 
which  allows  it  to  be  dispersed  with  extreme  facility,  so  that  only 
a  small  part  can  be  taken  off  to  demonstrate  its  existence. 

To  obviate  this  inconvenience,  it  would  sufiice  to  pass  befoi 
the  pole  a  succession  of  wires,  separated  from  each  other,  ai 
each  extremity  of  which  would  communicate  with  a  0xed  cond 
tor  that  would  corae  in  contact  successively  at  the  moment  of  th 
pnssage  before  the  pole.     The  current  would  thus  be  produced 
successively  on  the  passage  of  each  separate  wire  before  the 
inductor  pole,  without  any  part  being  lost,  as  is  the  case  with 
continuous  plate:     This  current,   very  feeble  when   the  wii 
]iasses  before  a  single  pole,  is  greatly  increased  when  it 
between  two  opposite  poles. 

I  now  assume  that  it  is  possible  to  connect  each  of  these  41 
separate  wires  to  the  adjacent  wire,  in  such  a  way  that  the  cui^| 
rent  obtained  in  one  may  be  in  the  same  direction,  and,  as  f^l 
were,  a  continuation  of  that  which  is  obtained  in  the  other;  is 
this  manner  a  kind  of  battery  would  be  obtained,  each  wire  t 
which  would  represent  an  elemenL  To  arrive  at  thia,  we  cau 
to  revolve  between  two  poles  of  the  same  name — both  north. 
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botli  south — a  plate  of  soft  iron  covered  with  well  insulated 
wire,  and  coiled  in  sacU  a  maimer  that  the  flattened  spirals  in 
tliis  iron  core  are  presented  perpendicularly  to  an  imaginary  line 
joining  tke  two  poles,  and  perpendicular  also  to  the  line  indi- 
caling  the  direction  of  movement  of  the  plate.  The  soft  iron 
will  thus  assume  a  polarity  contrary  to  that  of  two  similar  poles. 
The  jiassage  of  the  plate  covered  with  wire  will  give  rise,  ou  the 
one  side,  to  a  current  procured  by  the  wire  travelling  before  a 
north  pole,  for  exumjile,  and  a  south  jxile  is  produced  in  the 
plate  itself  by  the  inliuencoof  the  fixed  pole,  while  on  the  oppo- 
site side  of  the  plate  there  is  set  up  in  the  coil  of  wire  a  contrary 
current  produced  by  the  passage  in  the  same  direction  before  a 
south  pole,  resulting  from  the  influence  on  the  soft  iron  plate, 
and  the  other  fixed  north  pole.  The  semi-spirals  on  one  face  of 
the  plate  partake  of  the  same  movement  as  the  semi-spirals  of 
the  other  face,  in  a  contrary  position,  referred  to  a  fixed  pole, 
and  the  pole  produced  by  induction. 

;  This  is  precisely  what  is  required  in  order  that  the  cun-euta 
which  have  to  flow  around  the  core  may  form  at  each  semi-coil, 
at  each  coil,  and  throughout  the  scries  of  coils,  a  continuation  of 

:  each  other.  If,  then,  we  suppose  a  long  plate  of  soft  ircn  thus 
surrounded,  and  ])assing  between  two  similar  poles  on  the  two 
extremities  of  the  coil,  being  connected  by  a  conductor  to  a  gal- 
Tanometer,  this  latter  will  indicate  the  presence  of  a  continuous 
current  as  long  as  the  plate  moves  in  the  same  direction,  but 
which  will  be  interrupted  wlien  the  movement  is  arrested,  and 
which  will  take  the  contrary  sign  when  the  plate  travels  in  the 
opposite  direction.  The  sign  of  the  current  can  also  be  changed 
by  the  introversion  of  the  poles,  by  the  direction  of  the  move- 
ment, and  also  by  the  direction  of  winding  the  coils  to  the  right 
or  left  Further,  this  wire  coiled  singly,  can  be  covered  by  a 
second  wire  wound  parallel  to  it,  and  brought  back  over  itself, 
BO  as  to  surround  the  soft  iron  core  several  times.  Each  thick- 
ness of  the  coil  superposed  will  add  its  current  to  that  of  the 
preceding  coil.  In  this  manner,  instead  of  a  feeble  current,  we 
shall  have  one,  the  energy  of  which  will  depend  on  the  power 
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of  the  magnets,  on  their  proximity,  on  the  parity  of  the  soft 
iron  core,  ou  the  number  of  superposed  coils,  and  upon  the  velo* 
city  of  movement 

Now  to  consider  an  arrangement  which  will  miike  thia  process 
practical,  and  by  which  one  can  collect  the  induction  currents  of 
which  we  have  been  speaking.  Instead  of  a  soft  iron  plate,  we  will 
take  a  plate  curved  in  such  a  way  as  to  form  a  cylinder,  of 
which  the  diameter  is  much  greater  than  the  height  We  will 
connect  this  cylinder  by  radial  arms  converging  from  one  side  to 
a  rigid  shaft  passing  through  the  centre  of  the  cylinder ;  tliis 
shaft  will  rest  in  bearings  in  which  it  may  revolve  rapidly.  The 
cylinder,  entirely  open  within,  has  thus  only  one  of  its  sides 
partially  occupied  by  the  radial  arms,  that  serve  to  fix  it  to  the 
central  shaft  Thia  arrangement  allows  of  winding  longitadi- 
nally  '-a  the  cylinder,  a  copper  wire  covered  with  an  insulating 
material.  We  will  first  assume  only  half  the  circumference  of 
the  cylinder  to  be  thus  covered,  tiien  we  will  place  in  close 
proximity  to  one  side  of  Uie  cylinder,  two  magnets,  each  formed 
of  a  bar  of  steel  magnetized ;  the  similar  pules  of  these  two 
magnets — the  north,  for  example — are  opjxMite  to  one  another, 
and  allow  the  iron  cylinder,  one  half  of  which  is  fiurrounded 
with  insulated  wire,  to  pass  between  them  ;  in  this  way  the  wire 
receives  an  opposite  polarity.  We  will  now  do  the  same  thing 
with  the  side  of  the  cylinder  di  imetrically  opposite,  iu  such  a 
way  that  on  this,  as  on  the  other,  a  magnet  passes  within  the 
cylinder  (and  parallel  to  it),  having  its  south  pole  in  cl«*e  piox- 
imily,  while  a  second  similarly  magnetized  bar  is  placed  outside, 
in  such  a  way  that  the  cylinder  passes  between  two  south  jwles. 
N^ow  we  will  connect  each  end  of  the  wire  coiled  on  the  half 
circutiiference  to  two  terminals  placed  near  the  shaft,  and  in- 
sulated froju  each  otlier;  and  wo  will  connect,  by  a  conductor, 
these  two  terminals  with  a  galvanomoler.  Then,  by  means  of  ■ 
pulley,  fast  on  the  .shaft  of  the  apparatus,  we  will  imjiart  a  move- 
ment of  rotation  to  the  cylinder.  The  coil  successively  revolves 
perpendicularly  l^etween  the  two  poles,  north  on  one  aide,  and 
south  on  the  other.  The  soft  iroo  core  will  assume  a  polarity  con- 
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twry  to  that  of  the  magnets,  in  the  portion  oomprisod  between  the 
poles,  an<J  siibjecletl  m  their  influence.  From  this  there  results, 
as  in  tile  plate  to  which  reference  hag  been  made,  similar  car- 
rents,  as  long  as  tbo  half- circumference  on  which  the  wire  ia 
coiled  posses  between  two  ptdes  of  the  same  name ;  but  so  soon 
as  it  passes  between  magnets  of  the  opposite  polarity,  the  cur- 
rent will  change  its  sign.  Thus  one  half  turn  will  give  a  current 
of  one  sign  ami  the  complementary  half  turn  will  give  a  current 
of  the  op(K>silc  sign.  If  we  continue  the  coiling  around  the 
cylinder  in  the  same  direction — to  the  right,  for  exaiii]>le — in 
such  a  way  as  to  surround  the  whole  cylinder,  we  shall  not  per- 
ceive any  current,  since,  whilst  half  the  circumference  passed 
before  one  pole,  the  other  half  circumference  would  pass  before 
the  opposite  pole,  giving  a  current  the  inverse  of  the  former. 
To  avoid  this,  it  is  necessary  to  utilize  the  effect  of  the  two  jwles, 
which  is  easily  done  by  coiling  the  wire  of  one  half  circumfer- 

H  ence  in  a  direction  contrary  to  that  of  the  other  half.  Thus,  if 
the  former  be  coiled  to  tlje  right,  the  latter  must  be  coiled  to  the 
left;  in  this  manner  the  effects  of  the  jxife  being  reversed  with 

B  each  half  revolution,  at  the  moment  when  the  half  circumference 
to  the  right  [Misses  between  ific  north  jKiles,  the  other  half,  coiled 
lo  the  left,  |>asscs  between  the  south  poles,  and  they  will  give 
simultaneously  a  current  of  the  same  sign,  the  opposite  direc* 
lions  of  winding  serving  to  destroy  the  op|>osition  of  the  poles. 

H  The  first  half  circumference  liaving  jKissed   before   the*  north 

Bp*>1cs,  will  present  itself  before  the  south  poles,  passing  between 
them,  while  the  second  half  circumference  passes  before  the 
north  pole-!.  The  cun-ent  in  the  first  half  circumference  will 
change  its  sign  in  passing  before  the  south  poles,  at  the  same 
time  that  a  similar  change  will  be  elleeted  for  the  second  half 
circumference  before  the  north  poles.  At  each  half  revolution, 
the  current  in  the  two  semi-circumferences  with  the  wire  coiled 

■  in   opposite  directions  will  cbauge  its  signs  simultaneously. 
Thus  for  each  revolution  tlmre  will  he  two  opposite  currents 
which  will  follow  one  after  the  other  through  the  whole  of  the 
ire  coiled  around  the  soft  iron  core.     If,  instead  of  simple 
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insulnted  terminals  we  place  a  commutator  oa  the  shaft  of  tbe 
cylinder,  we  shall  perceive  currents  always  in  the  same  direo* 
lion,  and  which  will  produce  the  cfl'oct  of  contiouous  curreuta. 

Iq  place  of  a  single  coil  of  wires,  several  ihickoesses  of  wire 
may  be  superposed,  and  instead  of  a  pair  of  maguels  on  each 
aide  we  may  place  several  pairs  in  such  a  way  as  to  surround  a 
half  circumference  inside  and  outside  with  similar  poles,  and  the 
whole  of  the  other  half  circumference  within  and  without  poles 


k**. 


of  an  opposite  sign,  as  shown  in  figs.  453  and  464.     A,  driving 
pulley;  D,  copper  ring,  connecting  circles  of  magnets,  Ps.  Pi— 
Collectively  these  series  of  magnets  fonn  two  conrentric  cylindci^* 
between  one  end  of  which  the  soft  iron  ring  covered  with  its  coil^ 
revolves.    The  electro  motive  force  of  the  current  increases  wills- 
the  number  and  length  of  coils,  with  the  speed  of  rolataon,  ancf 
the  number  and  power  of  the  ma^eta.     Each  complete  tarn  or 
h:df  turn  of  wire  is  attached  by  the  two  ends,  to  a  brass  xerminal 
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f  placed  on  a  wooden  bar,  and  fastened  to  the  radial  anas  of  the 
rlinder.  With  these  terminals  we  connect  the  various  super- 
wirest,  either  in  suuh  u  way  as  to  form  only  one  large  cables 
[  or  end  to  end,  so  as  to  be  able  to  vary  at  will  the  electro  motivo 
'  force  of  the  apjjoratus. 

But  it  must  be  clearly  understood  that  such  an  apparatus  is 
only  one  of  a  thousand  possible  arraiigeinenta  that  may  be  in- 
definitely varied,  and  by  which  the  principle  protected  by  this 
patent  may  be  put  in  practice;  For  example,  llie  soft  iron  ring 
may  be  given  the  form  of  a  torus  flattened  perpendicularly  to 


^^u l^^--^"^ 


p. 
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f  the  axis  of  rotatiuu,  and  having  its  wire  coiled  radially,  so  as  to 
Iform  a  sort  of  disk  piercerl  with  a  large  central  bole,  in  order  to 
allow  the  radial  coilings  of  the  wire,  the  ring  being  mounted 
rigidly  on  a  shaft  passing  through  its  axis.  Magnets  would  be 
placed  radially  around  the  disk  on  each  side,  with  similar  poles 
opposite  each  other, as  in  fig.  455.  A,  driving  shaft;  B,  cora- 
rautator ;  T,  flattened  ring ;  Pn,  Ps,  north  and  south  poles  of 
magnets.     Or  the  soft   iron   core   may  be  formed   as  a  cyl- 
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inder  with  flat  parallel  ends,  having  a  steel  shftft  nmnin 
tbrongh  its  axis,  and  fixed  to  it  hy  means  of  radial  arms 
or  by  blocks  of  wood  driven  into  the  cylinder  at  intervala  This 
shaft  rests  in  bearings,  and  a  pulley  is  an^anged  to  drive  it  I 
surround  this  cylinder  parallel  to  its  axis  with  an  insulated  cop- 
per wire,  following  always  the  sarno  direction  and  passing  from 
one  side  to  the  otlierby  a  turn  diametrically  across  the  ends  of 
the  cylinder.     On  the  first  coil  thus  rande  I  superpose,  alwaj-s 


fSg.  455. 

winding  in  the  same  direction,  a  second  turn,  and  in  this  waj 
several  coils  in  succession,  and  I  join  the  ends  of  the  wiro  th«3 
wound  to  a  galvanometer.  Diametrically  on  each  side  of  lli* 
cylinder  I  place  magnets,  each  baving  their  opposite  poles  turned 
toward  the  cylinder.  The  magnet  on  one  side  turns  its  north 
pole,  whilst  opposite,  the  magnet  on  the  other  side  turns  its  wQ*!" 
pole  to  the  cyUndor.  These  magnets  may  each  of  them  citewl 
over  one  half  the  surface  of  the  cylinder.  If  now  we  cau.^  tWs 
cylinder  to  revolve,  we  shall  act  up,  at  each  half  turn,  a  currtnt 


of  an  opposite  direction,  but  simultaneously  of  the  same  sign  in 
the  coila.  An  aualyaia  of  the  manner  in  which  each  element  of 
the  wire  is  presented  to  the  [lolea  is  too  similar  to  the  preceding 
explanation  to  retj^uirc  repetition.     A  commutator  placed  on  the 

B  axis  of  the  apparatus  allows  the  currents  to  be  collected  so  as  to 

"  be  practically  continuous.  Kach  turn  and  each  half  turn  on  the 
cylinder  can  be  made  by  a  separate  wire,  the  two  ends  of  whicli, 

H  cacb  going  to  a  terminal,  can  be  joined  to  the  other  wires  in  such 
a  way  as  to  give  to  the  current  the  required  electro  motive  force. 
Practically  the  envelopment  of  the  cylinder  cannot  be  affected 

H  by  wires  placed  one  after  the  other,  and  coming  in  succession 
across  the  diameter  of  the  two  bases.  It  is  necessary  that  they 
should  clear  the  shaft,  and  then,  superposed  on  each  otlier,  they 
would  form  around  the  shaft  a  thickness  equal  to  the  sum  of  the 
collective   thickness  of  wire  in   all   the  coils.     This  thickness 

Ki  doubled  with  the  second  (X)il  of  wire,  tripled  with  the 
d  so  on.     To  avoid  this  inconvenience,  I  divide  the 
Fig.  -ISC. 

circular  bases  of  the  cylinder  into  six  or  eight  equal  parts,  and  I 
viDd  the  wires  in  such  a  way  as  to  form  in  each  division  a  par- 
allel band  like  a  ribbon,  along  each  side  of  the  cylindei;,  and 
passing  diametrically  across  the  ends.  These  bands  would  be 
necessarily  opened  in  the  middle  to  make  room  for  the  shaft, 
and  then  bronght  together  again.  Each  band  of  parallel  wires 
is  laid  close  to  the  succeeding  one  upon  the  cylinder,  and  they 
are  sujierpoeed  on  each  other  in  passing  acros-s  the  endti,  so  that 
the  entire  surface  of  the  cylinder  will  thus  be  covered,  as  shown 
in  fig.  456.  In  this  way  we  shall  have  at  each  end  a  height  of 
superposed  wires  which  will  only  be  the  sum  of  the  thickness  o£ 
e  wire  multiplied  by  the  number  of  superposed  bands. 
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CHAPTER    YTTL 

THE    ELECTRICAL   TEAJSSMISSION   OF   POWER 

Electricity  is  the  youngest  form  of  energy  with  which  we  are  ac- 
quainted— ita  evolution  as  a  practical  motive  power  having  been 
consummated  within  the  past  ten  years — but  notwithstanding 
its  recent  development,  it  occupies  at  thepresent  iiraea  positioo 
of  no  inconsiderable  importance  us  an  actual  working  force. 

Although  the  only  available  source  of  electric  energy  wai^ 
until  lately,  the  galvanic  battery,  attempts  were  made  from 
the  days  of  Volta,  at  the  beginning  of  the  present  century, 
to  employ  it  for  obtaining  and  transmitting  power;  and 
though  the  cost  of  procuring  power  from  the  consumption  of 
zinc  ifl  so  much  greater  than  from  coal  that  it  must  necessarily 
have  rendered  the  production  of  power  from  this  source  alto- 
gether too  expensive  for  practical  use,  still  the  efforts  which  were 
made  in  this  direction  were  useful  and  necessary,  and  largely 
contributed  toward  the  accumulation  of  that  fund  of  knowledge 
of  electro  dynamics  which  has  at  last  enabled  us  lo  obtain  and 
transmit  energy  in  an  exceedingly  practical  and  economical 
manner.  We  therefore  feel  justified  in  briefly  describing  these 
early  efforts  for  converting  voltaic  electricity  into  motive  power 
by  means  of  electro  dynamic  motors  operated  by  galvamo  b^ 
teriea 


BLECTRO   DYNAMIC   MOTORS. 

Electro-dynamic  motors  are  machines  which  do  mechanic&l 
work  at  the  expense  of  electric  enei^y.  The  motive  power  is 
an  electro  magnetic  force — a  force  susceptible  of  being  destroyed 
instantaneously  by  n  physical  and  non -mechanical  causa  M 
a  jet  of  cold  water  brings  about  condensation  of  the  steam,  who* 
elastic  force  raises  the  piston  in  the  cylinder  of  a  steam  engine, 


80  every  electro  magnetic  machine  loses  its  properties  the  mo- 
ment that  the  eleotrica!  current  ceases  to  circulate  in  it.  It  was 
known  at  a  very  early  period  that  a  magnet  would  attract 
the  opposite  pole  of  anoilier  magnet,  and  tbat  every  magnet 
placed  in  a  magnetic  field  tends  to  turn  around  and  set  itself 
along  ihe  lines  of  force.  Very  aooa  after  the  invention  of  the 
electro  magnet,  which  gave  us  for  the  first  time  a  magnet  whoso 
power  was  under  control,  it  was  perceived  that  an  electro 
dynamic  machine  could  bo  conalructed  in  which  an  electro  mag- 
net, placed  in  a  magnetic  field,  should  be  [mlled  round,  and  that 
the  rotation  should  ho  kept  up  continuously  by  reversing  the 
current  at  appropriate  intervals. 

BARLOW*9   ELECTTRO    MOTOR. 

As  early  as  1826  Barlow  caused  a  dLsk  of  copper  to  rotate 
between  the  polos  of  a  magnet  by  sending  a  current  at  the  same 


Fig.  457. 

time  perpendicularly  through  the  disk  from  the  axis  to  the  cir- 
cumference, where  it  passerl  into  a  cup  of  mercury  arranged  io 
make  electric  contact  with  as  little  fricliou  as  possible.  Fig,  467 
represents  the  Harlow  motor. 

DAL   negro's  ELKCTRO   MOTOR. 

In  1830  the  Ahh6  Salvatore  dal  Negro,  Professor  of  Natural 
Philosophy  at  the  University  of  Padua,  invented  an  electro  dy- 
namic motor  in  which  a  permanent  magnet  was  made  to  odciilate 
between  the  two  poles  of  an  electro  magnet  which  changed 
polarity  at  each  oscillation  ;  and  this  oscillating  movement  was 
easily  transformed  into  a  continuous  movemeniof  rotation.   Fig. 
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commutator,  C,  controlled  by  the  oscillating  magnet  bj  means 
of  a  roti,  /,  and  a  fork,  F.  As  a  result  of  this  arrangement,  when 
the  permanent  magnet  has  been  attracted  towartl  one  of  the  polo 
of  the  electro  magnet  this  very  motion  of  attraction^  acting  apon 
the  coramumtor,  changes  the  direction  of  the  current,  Mid  the 
permanent  magnet  ia  repelled  toward  the  other  branch  of  the 
electro  magnet,  and  so  on.  The  movable  magnet,  when  ti 
touched  the  poles  of  the  electro,  abutted,  not  aguinst  tbe  iron  it- 
self, but  against  the  insulated  wire  that  covered  it  Tbe  aa' 
thus  avoided  those  inconveniences  connected  vitb  rem; 
magnetism  whicli  later  on  were  to  embarrass  other  inveti 
when  jwlarized  armniurea  were  applie<l  to  electric  telegnphft' 
The  second  type,  which  was  constructed  in  1881,  is  sbovm  m 
tg.  469. 

In  this  arrangement  there  is  the  same  play  of  the  coromaMlor 
AS  in  the  former,  but  it  is  this  time  controlled  by  a  horizootil 
lever,  L,  wbicli,  instead  of  itself  constituting  the  armature,  sap- 
ports  the  latter  above  the  electro  magnet,  E.  The  lover,  L, 
minates  in  a  sort  of  hammer,  M,  which  is  prolonged  beneath  ^ 
stiff  rod  that  controls  a  click.  This  latter  acts  upon  a  nitcfael 
wheel,  and  thus  sets  in  motion  a  sort  of  wheel,  H,  compose-i  :>i 
rods  terminating  in  balls.  In  this  case  the  motor,  iastcaii  of 
keeping  up  its  motion,  produced  a  small  amount  of  work. 

Following  Dal  Negro,  a  great  many  electro  motors  were 
vised,  either  operating  in  a  similar  manner  or  by   tlie 
motion  of  soft  iron  armatures,  attracted  by  electro  maguctEi,  and 
then  falling  back  by  their  own  weighu     But  Jacobi,  as  early 
1834,  showed  by  experiment  that  every  arraugement  by  whi 
the  attractive  or  repulsive  power  of  tbe  electro  magnet  prodoi 
an  oscillating  movement  is  contrary  to  tho  mode  of  action 
electro  magnetism,  and  that  every  useful  electro  motor  in  w^ 
tho  utilized  force  is  derived  from  an  electro  magucb  must 
continuous  circular  primitive  movement. 


JAOOBl'S   ELECTTRO   MOTOB. 

Fig.  460  represents  Jacohi's  machine.     Fom*  horseshoe  ckeU 
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magnets  are  arranged  horizontally  against  a  vertical  disk,  S, 
movable  around  an  axis,  A  A,  opposite  to  four  others,  placed 
upon  a  dxed  frame,  T,  iu  such  a  manner  that  the  polea  of  tha 


Fiff.iW. 


former  may  come  exactly  opposite  to  and  at  the  smalleat  possible 
distance  from  the  poles  of  the  fixed  electro  magnets.     The  same 
Icurrent  passes  eimultaneously  in  all  tlie  coils,  and  always  main- 
tains the  same  direction  in  the  system  of  fixed  electro  maguets,  but 
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is  able  to  change  in  direction  in  the  :!jslem  of  movabtc  doctro 
magnets. 

The  current  from  a  powerful  battery  was  passed  through  com- 
mutator C,  by  which  it  was  sent  through  all  ibe  coiU  of  tbe 
electro  magneta.  This  tended  to  make  them  magnetic,  and  u 
they  attracted  each  other  the  disk  rotated.  By  means  of  i 
commutator  carried  on  the  shaft,  the  current  was  made  to  re- 
verse eight  times  per  revolution,  just  as  the  poles  of  thet 
sets  of  magnets  arrived  opposite  each  other.  The  result 
that  the  attraction  between  tlie  poles  ceased  and  repulsion 
place,  which  further  assisted  the  motioiL  As  the  poles 
alternately  of  different  polarity,  the  reversal  also  had  tho  effect 
of  causing  attraction  between  each  pole  of  one  set  and  the  next 
of  the  other. 

Jacobi  subsequently  modified  this  motor  so  as  to  increase  its 
jK)wer.  In  the  new  form  two  seta  of  electro  magnets  were  fiicd 
to  stationary  frames,  one  on  each  side  of  the  rotating  disk,  tod 
each  set  was  composed  of  twelve  electro  magnets^  The  electw 
magnets  on  the  rotating  disk  were  made  in  the  form  of  hts 
passing  entirely  through  the  disk.  With  this  motor,  which  n* 
constructed  on  a  large  scale,  experimenls  were  made,  with  i 
view  to  the  determination  of  its  ajvplicubility  to  navigalioti. 
The  motor  was  used  to  propel  a  boat  on  the  river  Neva.  Thii 
boat  was  28  feet  long,  7  feet  wide,  and  carried  14  persona  Ifl 
the  Qni  experiments,  made  in  1SS8,  tlie  battery  power  was  fur- 
nished by  320  Daniell  cells.  In  later  exjwriments,  made  in  the 
following  year,  the  battery  power  was  furnished  by  13S  Grove 
colls,  and  ihe  fumes  and  gases  are  said  to  have  been  evolved  w 
abundantly  that  a  stack  had  to  be  provided  for  their  escape.  The 
highest  speed  attained  was  leas  than  three  miles  per  hour.  Tbesr 
experiments  were  made  at  the  desire  of  the  Emperor  KicboU&. 
and  it  cost  him  $12,000  to  find  out  that  this  method  of  eiQ()loj- 
ing  electrical  energy  was  not  economical  or  practical. 

DAVENPORT'S   ELECTRO    MOTOR. 

In  1835  Davenport,  of  New  York,  constructed  an  electro  molof 
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tn  which  the  action  of  electra  magnets  upon  permanent  magneU 
was  employed.  In  this  macliine  two  small  horizontal  electro 
magnets,  placed  across,  and  movable  around  a  vertical  axis, 
revolve  in  the  interior  of  a  circle  also  horizontal,  farmed  by  two 
permanent  magnets,  bent  into  semicircles^  and  wliose  poles  of 
contrary  names  face  each  other.  The  extremities  of  the  electro 
magnct-s,  which  change  polarity  by  means  of  a  commutator,  are 
attracted  and  then  repelled  by  the  poles  of  the  permanent 
magnets. 

froxbnt's  electro  uotob. 


Fig,  461. 

Froment's  machine,  which  is  repreeented  in  fijy.  461,  is  found- 
ed upon  the  attraction  that  is  exercised  by  an  electro  magnet 
upon  an  armature  of  soft  iron.  It  is  composed  of  four  fixed 
electro  magnets,  supported  by  a  cast  iron  frame,  in  which  the 
same  current  circulates  by  turns.  Eight  soft  iron  armaturea  are 
arranged  upon  a  movable  wheel;  when  an  armature  arrives  near 
to  the  pole  of  an  electro  magnet^  tlie  latter  ip  magnetized ;  then 
this  magnetization  ceases  at  the  moment  when  the  attracted 
piece  of  soft  iron  is  situated  opposite  to  it,  and  the  wheel  thuji 
receives  a  series  of  impulses,  which  bring  about  a  rapid 
movement     The   distribution   of  the  current  is  as    follows : 
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Upon  a  semicircle  of  copper,  around  the  axis  of  the  appftwuiiy 
are  arranged  three  rolling  commutators,  each  of  which  is  com- 
posed of   two   metal    plates,  between  which  there    is  electric 
oommunicatton  only  when  the  lower  plate  is  raised     IX,  tbwe- 
fore,  the  upper  plate  communicates  always  with  one  pole  of  tlie 
battery,  and  the  lower  plate  with  the  wire  of  an  electro-magnet, 
which,  by  its  other  extremity,  is  connected  with  the  other  pole 
of  the  battery,  the  current  will  pass  through  the  helix  as  sooa 
as  the  lower  plate  is  raised,  and  will  cease  passing  as  soon  aa  it 
^Is  back.     The  teeth  of  a  small  wheel,  fixed  upon  theaitiof 
the  machine,  raise  in  turn  the  wheels  of  the  commutator,  tro 
of  which  correspond  to  the  two  extreme  electromagnets,  while 
the  third  is  in  connection  with  the  two  lower  clectro-magnefe 
which  are  always  found  in  the  same  condition.     Magnetizatioa 
takes  place  onl3'  when  the  armature  is  verj-  near  the  poles,  acJ 
does  not  last  long,  since  the  free  electro  magnets  are  successivcH- 
magnetized  in  the  interval  of  time  that  elapses  between  the  pa^rg 
of  two  successive  armatures  before  the  same  polct     When  in 
electro  motor  is  in  action,  an  extra  current  is  produced  tvm 
time  the  current  is  interrupted  or  reversed,  and  a  spark  is  pro 
duced  at  the  place  of  interruption  which  oxidizes  the  soDtaclS 
of  the  commutators,  and  rapidly  brings  about  irregularities  id 
its  action.     Fromcnt  succeeded  in  diminishing  the  spark  due  to 
the  extra  current  by  so  arranging  the  commutators*that  the  cur- 
rent begins  to   pass  into  the  neighboring  conductor  before  it 
ceases  in  the  circuit  in  which  it  is  travelling. 

A  great  number  of  electro  motors  have  been  constractei 
differing  from  Proment's  only  by  moditicntions  of  little  im- 
portance, in  all  of  which  the  armatures  pass  before  the  elec- 
tro magnets  in  a  line  perpendicular  to  their  axes,  and  reauio 
consequently  always  nt  a  greater  or  less  distance  from  llwir 
poles ;  but  as  the  attractive  power  of  an  electro  magnet  iucreasen 
rapidly  as  the  distance  diminishes,  all  the  foroe  which  tlie 
electro  magneLs  are  capable  of  developing  is  not  thus  utilized 
It  was,  therefore,  desirable  to  devise  an  arrangement  whereby 
the  electro  magacts  aud  armature  might  come  into 


while,  at  the  same  time,  the  shock  and  incoiirenieDces  of  the 
OBcillating  apparatus  were  avoided.  With  this  end  in  view, 
Wheatstone,  Froment  and  Marie  devised  electro  motors,  in 
which  a  wheels  furnished  at  its  circumference  with  armatures 
or  with  electro  magnets,  rolls  against  the  interior  surface  of  a 
circle,  tangent  to  the  poles  of  electro  magnets,  fixetl  symmet- 
rically alt  around.  The  movable  wheel  imparts  a  movement  of 
rotation  to  the  axis  of  the  machine,  which  passes  through  the 
centre  of  the  fixed  circle,  and  advantage  is  thus  taken  of  the 
magnetic  action  up  to  the  point  of  contact  of  the  magnetio 
maasea 


LAUMATTJKATS  ELSCTRO  UOTOR. 


Fig.  462. 

Larmanjeat  obtained  better  results  by  a  different  arrangement 
Fig.  462  represents  this  apparatus.  The  armatures  are  cyliudora 
of  soft  iron,  M,  able  to  turn  around  their  axes,  which  are 
fixed,  and  are  placed  parallel  to  each  other,  so  as  to 
lonn  a  cylinder,  about  a  yard  in  length,  the  transverse 
section  of  which  is  represented  by  tlie  left  hand  part  of 
fig.  462.  Three  electro  magnets,  armnged  on©  after  the 
other,  are  movable  around  their  common  axis  A,  which 
ia  also  the  axis  of  the  cylindrical  figure,  formed  by  the 
annaturea  The  right  hand  part  of  the  same  figure  represents 
on«  of  these  electro  magnets,  which  is  composed  of  a  bar  of 
soft  iron,  furnished  with  three  disks  perpendicular  to  its  axis, 
and  separated  by  two  helices,  F  F,  which  tlius  constitute  a 
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double  circular  electro  magnet;  these  iron  disks  arc  tangcotto 
the  cylinderB  of  soft  iron,  which,  by  their  mobility  around  ibeir 
respective  axes,  oppose  no  obstacle  to  their  movement  of  rota- 
tion, even  when  in  contact  with  them,  and  their  circumferences 
present  six  sectors  in  copprr,  equally  distributed  ;  when  anirMi 
sector  arrives  near  an  armaiure,  the  current  passes  in  the  helktt, 
and  an  attraction  is  produced  which  lasts  till  the  iron  port  r( 
the  circumference  of  the  disk  is  situated  symmetrically  on  eiiher 
aide  of  the  contact  point,  when  the  magnetization  ceasea,  then 
recommences  for  another  sector  of  iron,  and  so  on.  The  lina 
of  separation  of  the  copper  and  iron  sectors  upon  the  tbiw 
electro  magnets  form  a  helix,  which  causes  each  armature  to  be 
continually  in  action  upon  one  of  its  points.  The  oomniat»t» 
which  is  shown  in  K  at  the  left  of  the  figtire  is  composed  of  a 
movable  part  with  its  axis,  that  is  the  wlicel  K,  and  of  a  fii«d 
part,  the  cireles  C  C  and  C  C  The  wheel  R  is  composed  o(  six 
metallic  parts.  The  circle  C  C,  concentric  with  C  C  which 
carries  the  armatures,  supports  the  rollers  rr*  r",  which  prtffl 
continually  u|)on  the  wht*l  R  iliirini;  its  rotation.  The  roHew 
r  r'  r"  are  each  in  connection  with  one  of  the  circular  eiwlro 
magnets,  and  the  current  is  conducted  to  the  condocdrg 
plates  of  the  wheel  R  by  a  rubber,  P.  In  order  to  reguliie 
the  position  of  the  rollers  r  r*  W,  id  accord  with  the  conducting 
parts  of  the  wheel  R,  a  small  lever  has  l»en  adopted  to  thccir 
cle  C  C,  and  this  lever  carries  a  movable  screw  in  a  groove 
made  in  the  circle  C  C,  allowing  the  system  of  the  three  roUw* 
to  move  backwaitl  and  forward  to  a  certain  extent,  and  alaooi 
displacing  it  sufficiently  to  completely  reverse  the  direction  o> 
TOtation  of  tlie  machine. 


BOtrXS   ELECTRO   MOTX)R. 


The  Roux  motor  has  only  two  electro  magnets,  but  these  Wo 
are  of  very  great  size.  Fig.  463  represents  a  portion  of  this  ma- 
chine suspended  by  two  articulating  shafts,  A  B.  C  D.  twolaiB" 
soft  iron  plate,%  E  F,  to  which  are  fixed  two  long  levere  con- 
nected with  a  double  crank,  G  G',  adapted  to  the  same  verticil 


page's  electro  motor. 
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axis,  H  L  It  is  upon  this  axis  that  the  commutator  and  fly 
wheel  is  situated.  When  the  motor  is  inactive,  one  of  the  plates 
is  found  lifted  about  an  inch  above  the  corresponding  electro 
magnet,  during  which  tlic  other  plate  is  completely  thrown 
down.  As  soon  aa  the  current  passes  in  the  apparatus,  the 
raised  plate  is  found  atti*acted  ;  but  the  shafts  which  support  it 


Fig.  463. 

describing  during  this  passage  an  arc  of  a  circle,  this  plate  is 
found,  accomplishing  wholly  its  movement  below,  forced  aside. 
Now,  it  is  this  component  of  the  attractive  force  which  is  util- 
ized to  act  upon  tlie  (Tank  of  the  motor  arlior.  When  the  me- 
chanical function  of  this  iron  plate  is  terminated,  the  current  is 
found  conducted  into  the  second  electro  magnet,  which  just  be- 
fore has  been  inert,  and  this,  operating  in  the  same  manner  as 
the  first,  continues  the  movement. 

page's  klectro  motor. 
Fig.  464  represents  Page's  electro  motor.  It  is  composed  of 
two  solenoids,  a  a',  fixed  horizontally  in  such  a  manner  that 
their  axes  ase  in  the  prolongation  of  each  other ;  two  cylinders 
of  soft  iron,  h  &,  joined  by  a  copper  rod,  are  connected  to  a  sys- 
tem of  slides,  F  F,  which  allows  them  to  oscillate  ]>arallel  to  the 
lifexis  of  the  solenoids,  and  wliich  is  articulated  to  a  crunk,  by 
means  of  which  the  backward  and  forward  movement  is  trans- 
formed into  a  circular  movement  The  current  passes  alter- 
nately through  each  coil  by  an  eccentric  disk  on  the  axis,  which 
touches  first  one  and  then  the  other  of  two  springs,  c  c,  connected 
bv  wires  with  the  solenoids.  A  large  motor  of  this  description 
was  constructed  by  Page  in  1850,  which  developed  over  ten 
horse  power.     Page  sought  to  apply  his  motor  to  locomotives, 
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and  it  is  said  that  he  actually  constmcted  an  electric  looomoUTfl 
to  demoiujtrate  tbe  practicality  of  bis  scheme.  But  he  never 
achieved  much  success,  as  might  have  been  foreseen.  Amon 
the  improvements  which  Page  introduced  was  tfiat  of  nuiUtifl 


eacli  solenoid  double,  so  that  the  arms  of  a  U  magnet  could  slip 
into  them  instead  of  one  single  bar. 

Bu  Honcel  also  devised  uu  analogous  apparatuB,  iu  -.v 
helicos  themselves  were  al)le  to  oscillate,  as  do  thti  cyli  .'  r-  f 
oecillating  steam  engines,  by  wliich  the  rod  is  articulated — thai 
is,  connected  with  tbe  soft  iron,  directly  witli  the  crank  of  ■ 
wheel. 

bocrbouze's  electro  motor. 

Page's  suggestion  was  further  developed  by  Bourbouxc,  »lio 
constructed  the  curious  motor  depicted  in  fig.  46^,  which  look 
uncommonly  like  the  ordinary  walking  beam  steam  cugioe.  We^ 
have  here  a  beam,  crank,  fly-wheel,  connecting  rod,  nnd  even  w 
eccentric  valve  gear  and  a  slide  valve.    But,  for  cylinders,  w« 
have  four  hollow  electro- magnets,  E  E,  E'  E' ;  for  piston*,  we 
have  iron  cores,  that  are  alternately  sucked  in  and  re]>ell«dout- 
andf  for  slide  valve,  we  have  a  commutator,  which,  by  dragging 
platinum-tipped  springs,  a  6  r,  over  a  flat  surface  made  ol  ihr 
pieces  of  brass,  separated   by  two  insulating  strips  of  iviwy,  f9»i 
verses  at  ever)'  stroke  the  direction  of  the  oorrentH  in  tbe  ooiU 


rtff.  466. 

!  six  small  blocks  which  project  from  the  inner  face  of  the  ring, 
and  which  act  oa  30  many  magnetic  polos.  On  each  of  the  sec- 
tiona  between  tlio  blocks  ia  roUeil  a  coil,  of  one  thickness  only, 

I  of  copper  wire  of  No.  18  B  W  G,  enclosed  in  an  insulating  cas- 
ing of  giitLai)ercha,  giving  to  the  conductor  thus  protected  a 
total  thickness  of  f  of  an  inch.  The  wire  forms  29  turns  in 
each  section,  and  the  direction  of  the  winding  changes  at  each 

,  passage  in  front  of  a  pole  piece.  The  ends  of  the  wire  coincid- 
ing with  the  horizontal  diameter  of  the  ring  are  stripped  of  the 
gutti-percha,  and  are  connecte<l  to  copper  wires  wliich  are 
twisted  together  and  around  two  copper  rods,  which  are  placed 


J 
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vertically,  their  lower  ends  entering  two  small  cavities  made  in 
the  bnso  of  the  apparatus^  The  circuit  ia  thus  continuous  wnth 
two  ends  at  opposite  points  of  the  same  diameter.  The  ring  is 
about  l-jigy  inches  thick,  and  is  fixed  to  two  wooden  columns  bj 
two  blocks  of  copper.  If  a  battery  be  connected  by  means  of 
the  copper  rod,  the  current,  by  magnetizing  the  outer  ring,  will 
create  six  consecutive  poles  on  the  various  projecting  blocks. 
The  inner  ring,  E,  is  about  11  inches  in  outside  diameter,  and 


J=L_ 


Mg.  466. 


Fiy.  «7. 


is  also  provided  with  a  series  of  six  projecting  piedes,  which,  in 
their  rotation,  pass  in  succession  very  close  to  the  projecting  pole 
pieces  of  the  outer  ring.  In  the  intermediate  spaces  the  distance 
between  the  coils  of  the  inner  and  outer  ring  is  half  an  inch. 
The  inner  ring  is  movable,  and  is  supported  by  three  wooden 
arms,  F,  fixed  to  a  boss,  G,  which  is  traversed  by  a  spindle,  sup- 
ported in  bearings  by  the  columns  A  and  C.  A  coil  is  wound 
around  this  ring  in  exactly  the  same  way  as  that  on  the  outer 
ring,  the  wire  being  of  the  same  size,  and  the  insulation  of  the 
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same  thickness.  The  insulating  material  ia  also  stripped  from 
the  ends  of  the  wire  at  points  of  the  diameter  opposite  each 
other,  and  the  six  sections  form  a  continuous  circuit  At  the 
two  points  of  junction  they  are  connected  with  a  hexagonal 
commutator  placed  oq  the  central  spindle  ;  one  end  correspond- 
ing to  the  sides  1,  &  und  6,  and  the  other  to  the  sides  2,  4  and 
6.  Two  copper  rods,  J,  fixed  on  the  base  to  two  plates  of  cop- 
per, furnished  with  binding  screws,  are  widened  and  flattened  at 
-  their  upper  ends  to  rest  against  op^>osito  parallel  sides  of  tlic 
I  hexagon,  Jf  the  buttery  is  put  in  the  circuit  the  ciurcnt  in  the 
inner  ring  will  produce  six  consecutive  poles,  the  names  of 
which  will  change  as  the  commutator  plates  come  into  contact 
successively  with  the  sides  of  the  hexagon.  Consequently,  if  at 
first  the  pole  pieces  opposite  each  other  are  magnetized  with  the 
same  polarity,  a  repulsion  between  them  will  be  set  up  which 
will  set  the  inner  ring  in  motion,  and  the  effect  will  be  increased 
on  account  of  the  attraction  of  the  next  pole  of  the  outer  ring. 
At  the  moment  when  the  pole  piece  thus  attracted  comes  into 
the  field  of  the  pole  of  opposite  polarity,  the  action  of  the  com- 
mutator will  change  its  magnetization,  whilst  tliat  of  the  pole 
pieces  on  the  fixed  ring  always  remains  the  same;  the  same 
phenomenon  of  repulsion  will  be  produced,  and  the  inner  long 
will  continue  its  movement  in  the  same  direction,  and  so  on. 
To  the  attractive  and  repulsive  action  of  the  magnetic  poles  has 
to  be  added  the  reciprocal  action  of  the  coils  around  the  two 
rings,  the  action  of  which  is  similar. 

THE   UODERN*   ELECTRO   MOTOR. 

All  the  electro  motors  which  have  thus  for  been  described  de- 
pended for  their  source  of  energy  upon  the  galvanic  battery,  the 
only  available  source  previous  to  the  invention  of  the  dynamo- 
electric  generator.  A  very  little  consideration  will  show  that 
their  economical  working  was  hopeless.  A  voltaic  battery, 
wherein  electric  currents  are  generated  by  dlssohTng  zinc  in 
sulphuric  acid,  is  a  very  ex()ensive  source  of  power.  To  say 
nothing  of  the  cost  of  the  acid,  the  zinc — the  very  fuel  of  the 
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battety^-costs  more  than  forty  times  as  much  as  coal,  and  is  a 
far  worse  fuel ;  for  while  an  ounce  of  ziac  will  erolve  heat  to  an 
amount  equivalent  to  113,000  foot  pounds  of  work^  an  ounce  of 
coal  will  furnish  the  cquivaleot  of  695,000  foot  pounds.  Thus 
zinc  gives  in  burning  only  one  sixth  o!  the  effect  in  energj'  that 
coal  does ;  and  taking  the  difference  in  the  cost  of  zinc  and  coal, 
it  will  be  seen  that  the  cost  of  energy,  in  the  case  of  a  galvanic 
battery,  is,  roughly  speaking,  240  liniea  greater  than  in  a  steam 
boiler.  Thos  liandicapped.  it  was  im{K>ssible  to  make  electro 
motors  available  for  producing  powerful  effects,  and  therefore  all 
of  the  ingenious  efforts  which  were  made  from  the  days  of  Volta 
to  apply  voltaic  electricity  for  the  production  and  transmis* 
Kon  of  power  must  necessarily  have  been  futile  The  dis- 
coveries of  Faraday,  Iljoith,  Paclnotti  and  Gramme,  whii'h 
culminated  in  the  evolution  of  the  modem  dynamo  elec- 
tric machine,  have,  however,  supplied  us  with  an  economical 
source  of  electric  energy,  and  happily  solved  the  problem  of  a 
practical  electro  motor ;  for  by  coupling  together  two  Gramme 
dynamo  electric  machines  in  such  a  way  as  to  send  the  current 
developed  by  one  through  the  aruuiture  of  another,  the  latter 
will  rotate,  and  become  an  electro  motor.  Thus  by  expending 
energy  in  the  form  of  dynamical  power  in  driving  the  armature 
of  the  firet  maciiine,  we  obtain  an  equivalent  of  the  work  done 
in  the  form  of  anelectrical  current ;  and  by  sending  this  current 
into  the  second  machine  we  convert  the  electricity  into  energy 
of  motion.  In  the  first  case  work  is  trausformetl  into  electricity, 
and  in  the  second  electricity  is  transformed  into  work-  This  facl 
is  expressed  by  saying  that  electro  dynamic  machines  are 
reversible.  This  property  of  reversibility  is  among  the  mo6t 
valuable  discoveries  of  contemporary  science,  thus  enabling  m& 
to  complete  the  theory  of  electro  motors  and  put  them  to  prac- 
tical use. 

GRAMMES   ELECTRO   MOTOR 

Fig.  468  represents  the  Qramme  electro  motor,  the  general 
appearance  of  which  is  similar  to  that  of  the  large  size  generator, 
with  the  exception  that  the  motor  has  no  current  regulator,  and 


4 


light  of  great  illuminating  power,  it  being  especially  designed  for 
currents  of  great  qiiautity  and  low  electro  motive  force. 


In  order  to  avoid  remanent  magnetism,  Bering  devised  an 
apparatus  consisting  of  a  number  of  gulvunometric  helices,  the 
magnetized  bars  of  which  reacted  upon  the  same  axis,  and  re- 
versals of  the  current  ocnurrcd  in  the  inducing  helices  at  every 
half  revolution  of  the  bars.  The  motor  contained  no  irou  capable 
of  interveaiog  through  its  remanent  magnetism. 

With  the  same  end  in  view,  Deprez  constructed  a  machine  in 
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which  the  permanent  magnet  was  replaced  by  u  flat  rectangular 
galvanometric  helix,  so  constructed  as  to  embrace  as  perfectly  as 
possible  the  cui-ve  of  the  armature.  The  changes  of  direction  in 
the  current  took  plnce  in  the  galvanometric  helix,  and,  the  poles 
of  the  armature  always  remaining  the  same,  there  were  no  ill 
effects  due  to  remanent  magnetism. 

Mr.  Burgin's  spherical  motor,  represented  in  fig.  469,  is  based 
upon  the  same  idea.  The  dcld  magnet  consists  of  a  spherical 
shell,  around  which  are  horizontally  coiled  the  copper  wires,  F. 


'9     IT., 


Fig.  469. 


In  the  interior  of  the  hollow  sphere  a  spherical  electro  magnet, 
with  an  irou  core,  N,  revolves  around  an  axis,  a.  The  flat 
springs,  L  L',  press  ugaiiist  the  solid  parts  o(  the  commutator  in 
such  a  way  as  to  send  into  the  wire,  fy  a  current  always  of  the 
same  direction ;  but  the  springs,  1 1\  through  which  the  current 
enters  the  wire,  F^  rest  against  the  cleft  middle  part  of  the  com* 
mutator,  so  that  at  every  half  revolution  the  current  changes 
direction  in  the  wire,  F,  in  the  same  manuer  as  in  other  motois: 


DEPBEZ     MOXOB. 
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but  the  reversal  of  the  current  takes  place  in  a  part  containing 
no  iron,  and  the  effects  due  to  the  magnetic  inertia  of  that  metal 
are  therefore  obviated. 

DEPllKZ'    MOTOR. 

This  apparatus  ia  comjtosed  of  a  horseshoe  magnet  formed  of 
eight  superposed  plates.  Between  the  poles  of  this  magnet  is  a 
Siemens  cylindrical  armature,  tig.  470,  theaxia  of  which  is  parallel 
to  the  arms  of  the  magnet.  The  core  of  the  armature  is  a  cylinder 
of  soft  iron,  having  two  longitudinal  grooves  in  which  is  rolled 
the  wire  that  the  current  is  to  traverse,  and  each  of  the  enda  of 


•^>IVj 


^.  410. 

which  is  connected  with  one  of  the  eemicircles  of  brass  which 
form  the  coramatator  (seen  to  the  right  in  fig.  470).  The  cur- 
rent reaches  the  commutator  through  brushes  made  of  fine  brass 
wira  The  province  of  the  commutator  is  to  cause  a  change  in 
the  direction  of  the  current  at  every  half  revolution.  The  cur- 
rent which  traverses  the  wire  of  the  armature,  B,  has  the  effect 
of  forming  in  the  latter  two  poles  of  great  length,  which  cliange 
character  the  instant  they  pass  before  the  poles  of  the  magnet. 
As  the  poles  of  the  same  name  repel  each  other  and  those  of 
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different  name  attract,  the  armature  vrill  oasume  a  rotary  motion 
depending  on  the  direction  of  the  current  traversing  it  The 
bruslies  are  mounted  on  a  support  capable  of  turning  around 
the  axis  of  the  armature,  thia  arrangement  permitting  the  speed 
of  the  motor  to  be  changed  without  altering  its  results. 

In  the  small  model  which  is  shown  in  lig.  470,  one  quarter 
actual  size,  the  magnet,  composed  of  eight  plates,  weighs 
pounds,  the  armature  13  ounces,  and  the  weight  of  the  moto 
complete,  with  its  base,  gearings  and  brushes,  is  9  pounds.    Tb 
normal  velocity  of  the  armature  is  three  thousand  revolutioi 
per  minute.    If  the  rotation  tends  to  become  too  rapid,  eithi 
through  an  increase  of  power  or  a  diminution  in  the  amount 
work  to  be  performed,  a  small  spring,  fixed  at  one  of  its  extrecr — ^j. 
ties  with  one  of  the  ends  of  the  armature  wire  and  its  other  e^^.^. 

tremity  resting  against  one  of  the  sockets  of  the  -^mTriMTiT- u 

springs  open  from  the  effect  of  centrifugal  force,     The  circuit^Miis 
thus  broken,  and  remains  open  until  the  speed  again  becoi 
normal.     In  practice,  the  opening  and  closing  of  the  circuit  s 
ceed  each  other  so  quickly  that  the  variations  of  speed  do  'i^snot 
exceed  j^  of  the  normal  rate. 

griscom's  uotob. 

This  motor,  which  is  four  inches  long  and  weighs  ttu-aree 
pounds,  was  especially  designed  for  driWug  sewing  mach  ^^ues 
and  other  small  apparatus.  It  consists  of  a  Siemens  cylind^rHcal 
armature,  fig.  471,  revolving  between  the  two  poles  of  an 
nular  electro  magnet  with  consequent  points  by  which  it  is 
tirely  enclosed  and  protected*  The  current  is  carried  to 
armature  by  rollers  running  on  the  commutator.  In  consequ^SQo^ 
of  the  annular  form  of  the  electro  magnet,  the  armature  pff»J«efi 
close  to  the  wire  which  surrounds  it,  and  the  induction  <^^ 
rents  are  developed  in  each  half  by  a  polo  aUvays  of  thesaJn* 
name,  because  the  commutator,  in  consequence  of  the  ooatAaa- 
ous  rotation  of  the  armature,  always  passes  before  the  helix  ia 
the  same  direction.  These  currents  are,  therefore,  in  the  same  d't- 
rection  as  those  which  magnetize  the  field  magnet,  and  lend  to 
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0RI900M  S   MOTOR. 

augment  its  power,  and  the  iuductive  action  reaches  its  maxi- 
Dinm  at  the  moment  when  lUe  axis  o£  the  armature  makes  a 
right  angle  with  the  line  which  joins  the  two  jiolca  of  the  field 
I  magnet  By  this  means  a  powerful  magnetic  field  is  obtained^ 
'  because  the  intervals  during  which  the  axis  of  the  armaiure  is 
at  the  greatest  disUmce  from  the  j)oles,  which  are  to  attract  it, 
are  utilized  to  pro<luce  the  reinforcement  of  the  magnetic  field. 
This  motor  may  be  easily  applied  to  any  sewing  machine 


r 
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Fij.  471. 

already  in  use,  a  little  straight  support,  and  a  nut  or  thumbscrew 
nnder  tlie  motor,  fig.  471,  being  sufficient  to  fix  it  in  place. 

The  electric  generator  employed  is  a  bichromate  of  [jotash 
battery  of  six  cells^  contained  in  a  box  which  series  for  a  seat 
for  the  operator,  and  by  means  of  a  foot  pedal,  conveniently 
placed,  the  battery  plates  may  be  depressed  into  the  liquid  in 
the  cells  or  raised  out  of  it,  and  the  speed  of  the  motor  thereby 
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regulated.     The  battery  contains  a  suttlcient  quantity  o£  liquid 
to  sew  1000  yards  of  seains  at  any  tirae  within  six  montlia. 

PEPREZ'   ELECTRIC   POWER   HAMMER. 

Tlie  essential  part  of  this  apparatus,  which  is  shown  in  fig. 
471,  is  a  aectionfil  solenoid,  which  is  constructed  by  snperposii 
a  huudredflatbobl>iiis,hulf  an  inch  in  thickness,  upon  each  othi 
in  such  a  way  as  to  form  a  single  solenoid  three  feet  iu  height 
the  inoflniing  and  outgoing  wires  of  each  of  tliem  Ireing  cohbt^P 
nected  with  the  contiguous  lK)libins  iu  exactly  the  same  way  a^^s^^ 
they  are  in  the  consecutive  sections  of  a  dynamo  electric  machine  ^^. 
Each  junction  of  the  wire  of  one  of  the  coils  with  the  wire  of  i»"  ^ts 
neighbor  ends  in  a  Uictullie  plate  set  into  an  insulating  piec^r^^ce 
containing  one  more  plate  than  there  are  coils.    Over  this  specie  ^  :iea 
of  collector,  which  may  be  rectilinear  or  cylindrical,  pa&i  i^^^^^-zw^y 
brushes  tixed  to  an  iusulutiug  piece  that  may  be  moved  by  haiw^^«-nd. 
If  tliese  tu'o  brushes  are  placed  at  &  distance  so  that  the  nuuibc::^l>er 
of  the  plates  of  the  collector  incluiled  Iwtween  them  be,  for  c^^  ex- 
ample, equal  to  ten,  and  they  arc  then  given  any  degree  of  <XL»Jis- 
placement  whatever,  after  rendering  them  inienlepemJent,  W~      tbt 
current  which  enters  through  one  of  these  brushes  and  makes  .^^sits 
exit  through  the  other  will  always  traverse  ten  coils.    TheeffSC^bct 
will  be  the  same  as  if  the  ten  bobbin  solenoids  were  moved  in- 

stead of  the  brushes.    If  now  a  current  Is  sent  into  the  apparai^^liu 
and  a  soft  iron  cylinder  be  placed  therein,  the  cylinder  will        .  re- 
main suspended  in  the  interior  of  the  solenoid,  its  longiludr     Jand 
centre  tending  to  place  itself  at  a  distance  from  that  of  the  j-       <ih- 

noidiu  proportion  to  the  intensity' of  the  current.  It  would  fali out 

if  the  inleiu5ity  of  the  current  decreased  beyond  a  certain  pc^^Diot 
If  the  current  is  intense  enough  to  keep  the  distance  of  the       ftro 
centres  much,  below  that  which  wt)uld  bring  about  a  fall  oC     the 
cylinder,  and  an  attempt,  is  maile  to  remove  the  latter  iiivo 
the  equilibrium  that  it  is  in,  a  pressure  must  be  applied    tliM 
increases  with   the   amount   of  separation,  exactly   as  if  sus- 
pcnded  from  a  spring.     If  we  displace  the  brushes  a  dislooop 


al  to  the  thickness  of  one  plate  of  the  collector,  the  active 
uoid  will  undergo  the  i;ame  diflplacement,  and  Ita  longitudi- 
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centre  will  move  away  from  the   iron  cylinder,  and  the 


^^^ 
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attraction  exerted  upon  the  latter  will  increase.    Equilibrium 
cannot  be  re-established  unless  the  cylinder  undergoes  a  dis* 
placement  identical  with  that  of  the  solenoid,  and  as  the  latter 
depends  upon  the  motion  communicated  to  the  brushes,  the  cyl- 
inder will  fuithfully  reproduce  the  motion  communicated  to  theat 
by  the  operator.    Everything  takes  place  as  if  the  iron  cylin 
were  suspended  in  a  solenoid  four  inches  in  length  that  i 
caused  to  rise  and  fall,  with  the  diUercnce  that  the  weight* 
cylinder  exerts  no  action  on  the  hand  of  the  operator. 

The  elementary   sections  constituting  the  electric  oylindeti  1 
A  B,  of  the  hammer  are  80  in  number,  and  form  a  total 
of  one  meter.     Their  ingoing  and  outcoming  wires  end  in  a 
collector  of  circular  form  shown  at  F  G.     'ihe  brushes  are  re 
placed  by  two  strips,  C  E  and  C  D,  fixed  to  the  double  wiocii, 
H  C  I,  which  is  movable  around  the  fixed  centre,  C.     Thercaa 
make  any  angle  whatever  with  each  other,  so  that  by  trial  lfc« 
most  suitable  length  may  be  given  to  the  active  solenoid.  When 
such  angle  has  been  determined,  the  angle,  K  C  D,  is  rendcrei  in- 
variable by  means  of  a  set  screw,  and  the  apparatus  is  mance" 
vred  by  imparting  to  the  double  winch,  H  C  I»  an  altemaling 
circular  moliou. 

The  iron  cylinder  weighs  50  pounds;  but  when  the  current 
has  an  intensity  of  43  amperes  and  traverses  15  s©ctioBa,tbe 
stress  developed  may  reach  150  pounds,  or  three  timtf  the 
weight  of  the  hammer. 


THE  ELECTRICAL  TRANSMISSION  OF  ENKBGY  DERIVED    FBOK 
NATURAL    SOURCES. 

In  1877  Sir  William  Siemens,  in  delivering  an  address  befoK 
the  Iron  and  Steel  Institute,  said  that  time  would  probably  ^  • 
veal  to  us  effectual  means  of  carrying  power  to  great  distaaOB^ 
and  alluded,  as  particularly  worthy  o(  uonsideration,  to  the  oaed 
an  electrical  conductor  to  convey  the  power  of  a  waterfall  em* 
ployed  to  give  motion  to  a  dynamo-electrical  machine,  develop- 
ing a  very  powerful  electrical  current,  which  could  be  carried  to 
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a  great  distance  through  a  large  metallic  conductor,  and  then  be 
made  to  impart  motion  to  electro  maguetic  engines,  to  ignite  the 
carbon  points  or  electric  lamps,  or  to  efiect  the  separation  of 
meUds  from  their  combinations.  A  copper  rod  three  inches  in 
diameter  he  claimed  would  be  capable  of  transmitting  one 
thousand  horse-power  a  distance  of  three  railes,  an  amount  suf- 
ficient to  supply  one  quarter  of  a  million  candle  power,  which 
■would  suffice  to  illuminate  a  moderately  sized  town.  Sir  Wil- 
liam Thomson  at  once  accepted  these  suggestions,  and  with  the 
conccptive  ingenuity  peculiar  to  him,  went  far  beyond  Siemeua 
in  showing  before  the  Parliamentary  Electric  Light  Committee 
of  1879  that,  through  a  copper  wire  of  only  half  an  inch  in  diam- 
eter, twenty-one  th(m»anil  lu)r8e-ix>wer  might  be  conveyed  to  a 

■  distance  of  three  hundred  miles  with  a  current  of  aa  intensity  of 
80,000  volts.  The  time  may  como  when  such  a  current,  which 
would  have  a  striking  distance  of  about  fourteen  inches,  may 

B  be  practically  used,  but  then,  probably,  a  very  practical  law 
enumerated  by  Sir  William  Thomson  would  be  infringwl,  viz. ; 
that  electricity  \a  conveyed  at  the  cheaj>est  rate  thmugh  u  con- 
ductor, ihe  cost  of  which  is  such  tliat  the  annual  interest  upon 
the  money  expendwl  equnls  the  aimual   exj)enditure  for  lost 

_  effect  in  the  conductor  in  producing  the  power  to  be  conveyed. 

B  -^  ^'i*  William  Siemens'  suggestion  was  much  criticised  at  the 
tiaje  it  was  made,  when  it  was  still  thought  that  electricity  was 
incapable  of  being  massed  so  as  to  deal  with  many  horse  power 
of  effect,  and  the  size  of  the  conductor  he  proposed  was  also  consid- 
ered wholly  inadequate,  it  will  l)e  interesting  to  test  his  early  cal- 
cnlation  by  recent  experience.  Mr.  Marcel  Dcprez,  as  is  well 
known,  has  succeeded  recently  in  tranRmitting  three  horse-jK)wer 

I  to  distances  of  twenty-five  miles  through  a  pair  of  ordinary  tele- 
graph wires  of  Na  8  B.  W.  G.  gauge.  Taking  tlie  relative  con- 
ductivity of  the  iron  wire  employed  by  Deprez,  and  the  lliree 
inch  copper  rod  proposed  by  Siemens,  the  amount  of  power  that 
oould  be  transmitted  through  the  latter  would  be  about  four 
thousand  horse-|>ower.  But  Deprez  ernplo^-ed  a  motor  of  2,000 
volts,  and  was  contented  with  a  yield  of  32  per  cent  only  of  the 
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power  imparted  to   the  primary  macbioe,   whereas,    Siemewl 
(;alculated   upon   an   electro-motive   fore©   of    200  volts,  and 
upon  a  return  of  at  least  40  per  cent  of  the  energy  iinparted. 
Sir  William  Armstrong,  in  the  yejir  1878,  was  probably  the  first 
to  take  practical  advantage  of  Siemens'  suggestions,  in  lighting 
his  house  at  Cmigside  at  night,  and  working  his  lathe  and  aw 
Iwnch  during  the  day,  by  jiower  transmitted  through  a  wire  frail  1 
u  waterfall  nearly  a  mile  distant.    Sir  William  Siemens  also  fori 
several  years  pumjred  water,  cut  wood,  hay  and  swedes,  lighted 
his  house,  and  carried  on  experiments  in  electro  horticulture  b? 
electric  energy  derived  from  a  common  centre  of  steam  power, 
with  the  most  satisfactory  results;  the  wliole  management  hav- 
ing l)een  in  the  bands  of  a  gardener  and  laborers,  who  were  \ 
without  previous  knowledge  of  electricity,  and  the  only  repaiw 
that  were  found    necessary  were  one  renewal  of  the  commu- 
tators and  an  o(!caflional  {ihange  of  the  metallic  contact  bnub^ 

QUAKTEBNABr   TBA^'SMISSION   OF   FORCE. 

In  the  month  of  March,  1883,  Sir  William  Siemens  gav« 
exliibition  of  electrical  transmission  and  storage  of  power 
the  Institution  of  Civil  Engineers  in  London. 

In  a  yard  adjoining  this  institution  a  portable  steam 
had  been  erected  giving  motion  to  a  dynamo  electric  maohisc 
capable  of  developing  about  8  horse  power  of  electrical  energy, 
or  746  X  8  ^  5,968  watts.  This  power  was  conveyed  thrt>nfi*> 
an  insulated  wire  to  the  coils  of  an  electro- motor,  the  rotating 
axis  of  which  was  practically  in  one  piece  with  that  of  a  <xnw- 
fugal  pump,  by  which  water  could  be  raised  in  considemble 
quantities,  and  when  forced  through  a  nozzle  could  bo  lifw^ 
sixty  feet  high.  The  mechanical  effect  thus  realized  amounted 
to  about  four  horse  jwwer,  and  the  experiment  was  iDlcrwting 
as  showing  a  practical  application  of  electric  energy  to  useful 
purposes.  Considering  that  the  weight  of  the  machine  Vi^ 
pump  was  less  than  half  a  ton,  and  that  the  power  ooald  ^ 
easily  augmented  to  five  or  six  horse  power,  it  is  not  unrctson- 


I 


QUABTERXABT  TB-WSMISSIOX  OT  FOUCE. 


hie  to  look  forward  to  the  time  when  our  fire  engines  will  be 
worked  on  this  principle.  Sir  William  Siemens  next  turned 
the  current  from  some  storage   ballerics  upon  the  machine  in 

lorder  to  produce  the  same  results.  In  this  instance  the  effect, 
originally  produced  by  the  steam  engine,  had  given  motion  to  a 
dynaroo  electric  ma<:hine,  the  clccti'icity  from  which  had  been 
transferred  to  the  secondary  hattery,  where  it  had  produced 
chemical  action.  The  store  of  chemical  effect  thus  protlufed 
^illiin  the  battery  was  now  made  available  in  forming  a  cur- 
rent, which,  passing  through  the  electro  dynamic  motor  con- 
nected with  the   pump,  imparted   motion  to  the  latter.     The 

'current  was  then  connected  with  a  second  electro  dynamic 
motor  to  work  a  saw  bench,,  giving  motion  at  the  same  time  to 
dynamo  electric  machine,  wound  with  comparatively  thick 
"wire.  The  potential  of  the  dynamo  electric  machine  outside  of 
the  building  was  etjuul  to  one  hundred  volt*,  but  it  is  .some- 
times inconvenient  to  use  a  current  of  such  high  tension,  and 
the  object  in  transferring  ihe  p"!wer  derived  from  the  machine 
of  high  j>otential  to  the  maohine  wound  with  thick  wire  was  to 
obtain  a  current  of  low  potential,  which  in  this  instance  did  not 
exceed  ten  volts.  Such  a  current  could  not  harm  a  child,  but 
28  most  effective  where  quantity  rather  than  high  potential  is  re- 
quirerl,  a.«s  for  instance,  for  electrolytic  purposes.  The  current 
irom  this  machine,  which  Br.  Siemens  called  the  tertiary,  and 
fthowed  to  be  more  eff«:tive  than  cither  the  primary  or  second- 
ly in  heating  an  ii-on  wire  of  considemble  thickness,  was  then 
-connected  to  a  little  toy  niilway,  which  was  thus  propelled  by  a 
quarternary  transmission  of  force.  The  steam  engine  transferred 
it'^  energ)- to  a  dynamo  electric  machine;  this  dynamo  electric 
machine  gave  motion  to  nn  electro  dynamic  motor  ;  this  electro 
dvnamic  motor  transferred  its  power  to  another  dynamo  electric 
machine,  ond  this  again  gave  motion  to  the  carriage  upon  the 
ils,  wliich  latter  performed  the  function  of  conducting  wiresL 
he  some  power  hud  thus  been  four  times  transmitted,  showing 
the  great  facility  with  which  we  can  reconvert  it  again  and  again 
m  mechanical  into  electrical,  and  from  electrical  into  me- 
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cbanical  eilecL,  and  alter  its  character  from  a  curreQt  o{  high 
potential  to  a  current  of  low  potential,  or  vice  versa. 

Dr.  Siemens  next  described  an  application  of  electricity  lately 
made  by  Dr.  John  Uopkiusoa  to  an  electrical  hoist,  which  wu 
to  be  placed  at  the  lop  of  a  warehouse,  and  by  putting  on  the 
current  of  the  dynamo-machine  the  weight  could  be  lifted 
readily,  and  stopped  and  lowered  at  will  according  to  the  posi- 
tion of  the  bruslie^  upon  the  dynamo  commutator. 

Another  application  which  has  been  made  with  great  dfectis 
that  of  raising  the  wire  which  is  used  in  sounding  by  Sir  Wil- 
liam Tliomson's  wire-sounder.  The  machine  baa  l)een  em- 
ployed on  board  the  Faraday,  and  the  wire  drawn  up  in  an  ex- 
traordinarily short  space  of  time.  By  these  means  soundings  can 
be  made  in  2,500  fathoms  in  an  hour,  because  the  steamer  am 
go  on  while  the  electric  machine  is  pulling  in  the  wirei  The 
only  drawback  which  was  found  in  the  early  trials  was  that  the 
machine  having  been  placed  near  the  compasses,  the  latter  was 
influenced  magnetically ;  the  caution,  therefore,  to  be  observed, 
is  to  put  it  in  a  part  of  the  ship  away  from  the  compasses.         , 

When  losses  by  unnecessary  wire  resistance,  by  Foucault  cur- 
rents  and  by  induced  currents  in  the  rotating  armature,  are 
avoided,  »s  much  as  90  per  cent,  or  even  more,  of  the  power 
oommuuicated  to  the  machine  is  realized  in  the  form  of  electric 
energy,  and,  vice  veraa,  the  reconversion  of  electric  into  me- 
chanical energj'  can  be  accomplished  with  similarly  small  Ios& 
Thus,  by  means  of  two  machines  at  a  moderate  distance  apsrl, 
nearly  60  per  cent  of  the  power  imparted  to  the  one  machiDe 
can  be  again  yielded  as  mechanical  energy  by  the  second,  if  we 
leave  out  of  consideration  irictional  losses,  which  latter  need  not 
be  great,  considering  that  a  dynamo  machine  has  only  one  mor- 
ing  part  well  balanced,  and  is  acted  upon  along  its  entire  cir  I 
cumference  by  propelling  force.  Jacobi  proved,  many  yewi 
ago,  that  tlie  maximum  efficiency  of  a  magneto  electric  en 
was  obtained  when 


E^""w' 


8IE3CKN8    ELECTRIC  RAILWAYS. 


717 


which  law  has  been  construed  by  Verdet  and  others,  to  mean 
tbatonc-halE  is  the  maximum  theoretical  eflicrency  obtainable 
in  electric  transmission  of  power,  and  that  one-half  of  the  cur- 
rent must  be  necessarily  wasted  or  turned  into  heat  Dr.  Sie- 
meD8|  who  could  not  ha  reconcileil  to  a  law  necessitating  such 
a  waste  of  energy,  maintained,  without  disputing  the  accuracy 
of  Jacobi's  law,  that  it  has  reference  really  to  the  condition  of 
maximum  work  accomplished  with  a  piven  machine,  whereas 
its  efficiency  must  be  governed  by  the  equation 

From  this  it  follows  that  the  maximum  yield  is  obtained  when 
two  dynamo  machines,  of  similar  construction,  rotate  nearly  at 
the  same  speed,  but  under  these  conditions  tlie  amount  of  force 
transmitted  is  a  minimum.  Pmctically  the  best  condition  of 
working  consists  in  giving  to  the  primary  machine  such  propor- 
tions as  to  produce  a  current  of  the  satne  magnitude,  but  of  60 
per  cent,  greater  electro  motive  force  than  the  secondary;  by 
adopting  such  an  arrangement,  as  much  as  50  per  cent  of  the 
power  imparted  to  the  primary  could  be  practically  received 
from  the  secondary  machine  at  a  distance  of  several  miles.  Pro- 
fessor Thompson,  in  Lis  recent  Cantor  Lectures^  has  shown  an 
ingenious  graphitial  method  of  proving  these  important  fuuda- 
meatal  laws. 


» 
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The  idea  of  superseding  the  steam  locomotive  by  an  electrio 
engine  is  by  no  means  a  novel  one ;  an  electric  locomotive  having 
been  devised  in  this  country  in  1847  by  Mr.  Lilly  and  Dr.  Colton 
of  Pittsburg.  The  locomotive  was  placed  upon  a  circular  rail- 
way, around  which  it  was  driven  by  electricity.  The  rails  were 
insulated  and  each  connected  to  a  pole  of  the  battery— the  cur- 
rent being  communicated  to  the  engine  through  the  wheels.  The 
engine  was  provided  with  two  magnets,  which,  by  a  process  of 
alternate  attraction  and  repulsion,  drove  the  car  over  the  track. 

In  connection  with  the  history  of  this  subject  it  is  worth  while 
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also  to  mention  that  M.  Bou^,  of  Belfort,  France,  took  out  s 
patent  in  1878  for  the  propulsion  of  carriages  on  a  railway  by 
means  of  electricity  ;  and  Ibat  not  only  did  the  patent  de«.'ribe 
a  means  for  driving  a  single  train  of  cars,  but  also  a  vibratorr 
apparatus  whereby  the  power  of  the  current  may  be  distributed 
to  several  separate  trains  so  as  to  propel  them  all.  But  while 
historical  mention  is  justly  due  to  the  pioneers  of  a  new  in- 
vention, the  chief  merit  rests  with  him  who  makes  it  a  suoceSB, 
and  the  electric  railway  was  never  practically  realized  until  187B, 
when  Dr.  Werner  Siemens  built  and  operated  an  electric  tram- 
way in  the  grounds  of  the  Industrial  Exhibition  at  Berlin.  To 
Dr.  Werner  Siemens,  therefore,  belongs  the  honor  of  recog- 
nizing that  the  improved  means  now  at  our  disposal  for  generat- 
ing electricity  and  applying  it  to  tlie  transmission  of  power  are 
si^cieut  to  operate  an  electric  railway  on  a  practicable  scale 

THE   BERUK   ELECTRIC   RAILWAY. 


The  Berlin  railway  was  a  narrow  gauge  line,  laid  down  in  ft 
circle  900  yards  long.  A  train  of  three  cars  was  placed  upou  it, 
and  on  the  tirst  car  a  medium-sized  electro  dynamic  machine  was 
iixed  to  the  axle  of  one  pair  of  wheels  in  such  a  manner  aflu 
rotate  the  wheels  when  the  annature  of  the  machine  was  revolved 
by  the  passage  of  a  current  through  its  coils.  Acentral  rail,  sup- 
ported uj>on  insulating  blocks  of  wood,  ran  between  the  ffo 
working  rails,  and  it  was  by  this  central  conductor  that  the  cur- 
rent was  led  from  the  generating  machine  placed  at  one  wrtni- 
nus  of  the  line.  The  current  was  drawn  from  this  rail  to  the 
armature  of  the  machine  on  the  locomotive  by  means  of  a  brast 
of  copper  wires;  and  after  traversing  the  coils  of  the  arraaiuiei^ 
was  led  to  the  axle  of  the  driving  wheels,  which  was  insulawd 
from  the  body  of  the  car,  and  thence  by  the  driving  wheekto 
the  outer  rails,  and  by  them  back  to  the  dynamo  electric  michinft 
at  the  terminus. 

Fig.  473  represents  a  section  through  the  locomotive,  showing 
the  electro  dynamic  machine,  B,  an'l  the  central  rail,  N",  wii 
the  metal  brush  for  picking  up  the  current 
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Between  twenty  and  thirty  persons  could  be  accommodated 
on  the  train  at  a  titne,  including  the  conductor,  who  rode  on  the 
first  carr.age;  and  during  thu  ctmrse  of  the  summcrno  fewer 
than  100,000  were  conveyed  over  the  line,  at  aepeed  of  from 
fifteen  to  twenty  miles  an  hour.  Crowded  trains  left  the  stations 
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ng.  473. 

every  five  or  ten  minutes,  and  a  considemble  sum  was  earned  ia 
this  way  for  the  benefit  of  charitable  instilutions.  The  locomo- 
tive was  capable  of  exerting  Jive  horse  power,  and  instead  of 
being  fitted  with  a  stciim  valve  like  a  locomotive  to  start  or  stop 
it,  it  was  simply  provided  with  a  commutator  for  closing  or 
opening  the  circuit  of  ihe  current 

THE    LIOHTEBPELDK    KLECTRIO  RAILWAY. 

The  success  of  this  experiment  soon  led  to  the  laying  of  the 
Lichterfeldeline,  in  which  both  rails  were  placed  upon  insulating 
8lec>i>ers,  so  that  the  one  served  for  the  conveyance  of  the  cur- 
rent from  the  power  stiition  to  the  moving  car,  fig.  474,  and  the 
other  for  completing  the  return  circuit.  This  line  has  a  gauge 
of  3  feet  3  inches,  is  a  mile  and  a  half  long,  and  is  worked  by 
two  dynamo  electric  machines,  developing  an  aggregate  current 
of  9,000  watts,  equal  to  12  horse  power.  It  has  been  in  con- 
stant operation  siuce  the  16th  of  May,  1881,  and  has  never  fiulcd 
in  accomplishing  its  daily  tralHc 
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THK      PARIS      ELECTRIC      RAILWAY. 

A  line  one-third  of  a  mile  in  length,  but  of  four  feet  eight 
and  a  half  inches  gauge,  was  established  at  Paris  in  connection 
■with  the  Electric  Exhibition  of  1881.  In  this  case,  two  sua- 
pended  conductors,  iu  the  form  of  hollow  tubes  with  a  longitu- 
dinal slit,  were  atlopted,  the  contact  being  raade  by  metallic 
bolts  drawn  through  these  slit  tubes,  and  connected  with  the 
dynamo  electric  motor  on  the  moving  car  by  copper  tojkjs  pass- 
ing through  the  roof. 

I  This  electric  tramwayj  which  was  in  successful  ojieration  dur- 
ing the  entire  summer  of  18S1,  experimentally  confirmed  the 
good  results  obtained  at  Berlin  and  Lichlerfclde.  Although  the 
line  was  not  con^ftructed  in  strict  a<:cordance  with  the  require- 
ments of  A  permanent  electric  railway,  designed  for  practical 
use,  the  experiment  was  none  the  less  satisfactory,  and  the  diiE* 
culties  which  bad  to  be  overcome  at  the  commencement  of  the 
enterprise  proved  the  fecundity  of  resources  which  electricity 
places  at  our  disposal.  Air.  Siemens  had  devised  a  system  for 
use  in  cases  where  the  rails  could  not,  as  in  Lichterfelde,  serve 
ft  as  sole  conductors.  This  arrangement  consisted  in  a  movable 
H  contact  rolling  upon  an  aerial  conductor,  supported  from  point 
f  to  point  upon  poles,  the  rails  serving  as  a  return  wire.  This 
mode  of  communication,  which  was  then  but  partially  developed, 
was  the  one  which  had  been  selected  to  be  put  in  practice  at 
the  International  Electrical  Exposition.  Mr.  Siemens  had  at  first 
intended  to  establish  an  elevated  railway,  supported  upon  col- 
umns, but  as  the  authority  required  to  do  this  was  accorded  too 
late  for  tlie  completion  of  the  work  in  time  for  the  exhibition, 

■  he  was  compelled  to  build  a  surface  line.  He  was  not,  however, 
permitted  to  place  the  rails  in  relief,  as  he  had  done  at  Lichter- 
felde,  and  was  finally  obhgcd  to  arrange  for  the  use  of  rails  laid 

■  even  with  the  earth,  like  those  of  an  ordinary  tramway.  Tliis 
H  last  circumstance  was  another  serious  obstacle  to  the  accom- 
™  plishment  of  the  enterpriac  which  had  to  be  overcome.     In  the 

preliminary  experiments  made  at  the  workahop-s,  they  employed 
a  brass  tube  which  was  electrically  connected  with  the  car  by  a 
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traverser,  to  bring  the  current  from  the  dynamo  electric  machine 
to  the  electro  dynamic  motor,  and  the  wheels  and  rails  served  a? 
a  return  conductor.  This  system,  which  worker!  well  in  the 
workshops,  encountered  ii  sjiecial  difficulty  in  practice.  The 
dirt,  sticking  to  the  rails  and  felloes  of  the  wheels,  formed  a  sort 
of  insulating  crust,  which  jjrevented  a  sufficiently  g<K>d  contact 
between  tlie  car  and  the  rails  to  jjcrmit  of  ihv  latter  serving  as& 
return  conductor.  Mr.  Siemens  was  compelled,  therefore,  to  es- 
tablish two  aerial  conductors,  instead  of  one,  and  to  provide 
also  two  movable  contacts.  These  unforeseen  mollifications  <>c- 
casioncd  some  delay  in  the  constniction  of  the  tramway,  but  iLe 


ng.  419. 

necessary  appliances  were  at  last  successfully  devised  and  exe- 
cuted, and  the  system  of  movable  contacts,  practically  employed 
for  the  first  time  upon  the  Place  de  In  Concorde,  was  entirely 
satisfactory.  "We  will  lirst  describe  this  system,  and  point  out 
afterward  the  particularities  which  accompanied  the  vehicle  ia 
its  practical  application. 

The  stationary  aerial  conductors  were  composed  of  brass  tubes, 
C,  represented  in  longitudinal  and  transverse  section  in  fig. 
475.  These  tubes  were  fastened  to  wooden  bars,  supported  on 
poles  by  a  system  of  iron  wires  analogous  to  those  which  are 
employed  in  suspension  bridges.  The  lubes,  C,  were  slit  on  their 
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lower  part  along  Uieir  length  to  a  width  of  nhout  -^  of  an  inch. 
In  tlie  interior  of  p.ich  of  these  lubes  slid  a  sort  of  abultle  made 
of  brass,  five  inches  in  length,  from  whicb  depended  two  vertical 
shafts.     Upon  these  shafts  slid  a  cross-bar  earnnng  a  wheel,  R. 
^^A  second  cross-bar  was  fixed  below  between  two  screw  nuts  at 
^■Ihe  extremity  of  the  two  shafts,  und   upon  this  cross-bar  rested 
two  spiral  springs,  A  B,  which  tended  to  raise  the  upper  crass- 
bar,  G  G,  which  supported  the  wheel  or  roller,  R,  so  that  the 
wheel  pressed  constantly  upon  the  tube  and  thus  itiaintjiiaed  an 
elastic  contact  between  tbe  wheel  and  the  tul>e.     Thus  there  was 
H  A  constant  connection  between  the  wheel  R  and  the  shuttle  iu- 
^uide  of  the  tube  C ;  and,  consequently,  between  the  tube  and  the 
movable  system  there  was  an  unbroken  contact  which,  if  not 
perfect,  was  at  least  always  practically  sufficient.     Occasionally 
a  few  sparks  were  seen  when  the  shullle  passed  over  a  coupling 
in  the  tubes,  which  were  due  to  small  instantaneous  ruptures  Of 

■  the  current,  but  which  did  not  affect  the  working  of  the  system. 
The  two  tubes  were  connectetl  at  their  farther  ends  near  the 
Palais  de  1' Industrie  to  two  conductors  coming  from  the  dyna- 
mo electric  machine,  whicli  generated  the  current;  and  from  the 
» movable  contact  piece,  or  shuttle,  departed  an  insulated  wire, 
F,  which  was  connected  with  the  electro  dyDamio  motor,  situatcil 
under  the  car  between  the  wheels,  to  which  it  transmitted  its 
motion  by  raeans  of  a  gall  chain.  These  were  not,  however,  the 
two  wires  which,  during  the  progress  of  the  car,  affected  the 
traction  of  the  movable  contact  apparatus.  For  this  purpose, 
to  each  contact  two  cords,  D  D^,  were  attached  to  the  vertical 
shaftB  above  the  cross  bar,  G  G,  each  of  them  serring  to  draw 
the  movable  contact  according  to  the  direction  of  the  car,  and 
there  were  also  four  conls  for  connecting  the  car  with  the  whole 
of  the  two  movable  contacts.  In  order  to  prevent  their  louclii  ng 
and  forming  an  electrical  contact  during  their  movement,  the  ex- 
tremities f'f  the  cross  bar,  G  G,  were  provided  with  pieces  of 
ebonite,  which  effectually  prevented  all  accidents  of  this  nature. 
In  practice,  the  various  pieces  forming  the  movable  contact  suf- 
fer more  or  less  from  wear  and  tear,  but  experience  has  shown 


that  the  wear  comes  especially  upon  the  shuttle,  or  core,  whidi 
is  easily  replaced. 

The  maximum  speed  which  the  vehicle  was  able  to  attain  was 
40  miles  an  hour ;  but  ita  average  speed,  during  the  whole  time 
that  it  was  in  operation,  was  10^  miles  an  boar.  In  order  to 
regulate  the  speed,  the  conductor  of  the  car  had  convemently  at 
hand  the  lever  ot  a  rheosUxt,  by  which  he  could  introduce  more 
or  less  resistance  into  the  circuit.  The  lever,  which  was  placed^ 
horizontally  at  the  end  of  the  car,  moved  over  contact  segments 
arranged  in  a  circle.  These  segments,  which  were  insulat4!d 
from  each  other,  were  connected  by  coils  of  wire  whose  resiBt- 
ances  ranged  from  one  ohm  to  two  hundred  ohms  each.  The 
stoppage  of  the  car  was  produced  by  the  interruption  of  the  cii^ 
cuit,  but,  in  order  to  prevent  a  too  sudden  rupture  of  the  cur- 
rent, this  interruption  was  preceded  by  the  introduction  ia  the 
circuit  of  a  very  largo  resistauce.  For  this  purpose,  the  oon- 
dnctor  moved  the  lever  of  his  commutator  in  such  a  manner  SB 
to  gradually  increase  the  resistance ;  when  the  lever  had  arrived 
at  the  end  of  its  course,  the  current  was  broken.  In  addition  to 
the  above  mentioned  appliances,  the  car  was  also  provided  with 
an  ordinary  brake,  which  also  contributed  to  itH  stoppagCk 

The  number  of  revolutions  of  the  dynamo  electric  goneratOC 
was  650  per  minute,  and  that  of  the  electro  dynamic  mottM^' 
placed  under  the  car.  was  465  per  minute.  The  line  had  a  total 
length,  from  the  Palais  de  I'lndustrie  to  the  little  shed  situated 
at  the  corner  of  the  Champs  Elysecs,  of  about  one  third  of  a 
mile.  It  had  a  curve  of  61  yards  radius,  and  from  the  entrasoe 
of  the  Palais  to  the  point  where  it  passed  the  fountain,  a  second 
curve  of  33  yards  radius,  with  a  counter  curve  nearly  identical 
At  one  point  there  was  a  grade  of  an  inch  per  yard.  Upon  the 
straight  part  of  the  lino,  the  work  expended  at  the  ave 
speed  was  three  and  a  half  horse  power;  upon  the  curve,  it  wa 
seven  and  a  half  horse  power,  and  it  reached  more  than  eight 
and  a  half  horse  power  upon  the  ascending  grade. 

The  car  differed  a  little  from  that  of  the  electric  tramway  i 
Lichtedelde,  '\X  being  on  imperial  car,  modelled  after  that  of 
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North  Tramways,  and  it  was  capable  of  contaiuing  60  peraons,  in- 
cluding the  controller  antl  conductor.  The  car  weighed,  when 
emply,  12,000  pounds:  and  when  Jillcd,it  aitaine<I  a  weight  of 
20,000  pounik  It  is  represented  in  fig.  476,  which  also  gives  a 
general  view  of  tlie  line. 

During  the  continuance  of  the  Electrical  Exposition,  a  period 
of  about  seven  weeks,  95,000  passengers  were  conveyed  on  this 
line,  and  it3  gocfd  working  produced  a  new  proof  of  the  pno- 
ticabilily  of  electric  railways.  The  administration  charged  five 
cents  for  the  convcyanee  of  each  passenger  from  end  to  end  of 
the  railway,  and  the  amount  received  was  sufficient  to  pay  all 
expenses. 

Concerning  the  mode  of  communication  adopted,  although  it 
worked  salisfactonly  at  llie  E.\|>osilinn,  it  is  evident  that  it  would 
not  be  applicable  to  lines  of  much  greater  lengih.  For  long  dis- 
tances it  will  be  necessary  to  employ  lines  raised  above  grouml, 
like  those  at  Lichterfelde,  or  elevated  ones  like  those  ]»rojectcd  by 
Mr.  Siemens,  where  its  rails  can  be  utilized  as  couductorsi  But, 
on  the  other  hancl,  the  movable  contacts,  the  efficiency  of  which 
has  been  fully  recognized  at  the  Champs  Elysecs,  will  be  able  ti 
render  service  in  otlicr  caaci  In  works  of  exploitation,  for  ex- 
ample, as  in  the  galleries  of  mines,  and  in  short,  for  idl  lines  of 
small  extent,  where  it  would  be  difficult  lo  insulate  the  rails,  re 
course  might  l>e  liad  to  them. 

THE   P0RTRU3H   ELECTRIC  TRAMWAY. 

An  electric  tramway,  6  miles  in  length,  has  l>een  conelmcied 
between  Portrush  and  Bush  Mills,  in  tlie  north  of  Ireland.  In 
this  instance  the  two  rails,  3  feet  npart»  are  not  insulated  from 
the  groniui,  but  being  joined  electrically  by  means  of  copper 
staples  they  form  the  return  circuit,  the  current  being  conveyed 
to  the  car  through  a  T  iron  placed  upon  short  standards,  and 
insulated  by  means  of  inaulite  caps.  Where  a  gap  necessarily 
occurs,  such  as  at  a  cross  road,  ihey  simply  stop  the  T  iron  and 
commence  it  again  at  the  other  side  of  the  gap,  connecting  the  ■ 
two  ends  by  means  of  an  insulated  conductor  below  ground. 
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III  order  to  span  the  gap  two  brashes  are  attached  to  the  car, 
one  in  front  and  the  other  toward  the  biick  of  the  car,  and 
the  gap  being  a  little  less  than  tho  distance  between  the  two 
brushes,  the  one  brash  catches  the  opposite  side  before  the 
other  one  leaves.  Thus  by  a  simple  arrangement  they  get  over 
the  difficulty  of  crossing  by-roada.  At  first  the  power  was  pro- 
duced by  a  steam  engine  at  I'ortrush,  giving  motion  to  a  shunt- 
wound  dynamo  of  15,000  watts  =  20  horse  jjower,  but  arrange- 
ments were  8iil>sequently  made  to  utilize  a  waterfall  oE  ample 
power  near  Bush  mils,  by  means  of  three  turbines  of  40  horse 
power  each.  The  working  speed  of  this  line  is  restricted  by 
the  Board  of  Trade  to  10  miles  an  hour,  which  is  readily  ob- 
tained, and  there  is  no  difficnUy  in  starting  the  loaded  car  ou 

■  the  worst  part  of  the  route,  which  a  steam  eugine  frequently 
fails  to  do.  At  one  point  there  is  a  long  and  rather  steep  in- 
cline— 1  in  33 — two  miles  in  length.     There  was  some  doubt  in 

^^e  mind  of  Sir  William  Siemens,  the  constructor  of  the  line, 
whether,  with  the  arrangements  ado]>leti,  this  inclitie  could  be 
worked  satisfactorily ;  but  experience  has  proved  that  it  could 
be,  and  the  car  is  drawn  up  the  incline  without  difficulty  when 
fully  loaded.  It  may,  therefore,  be  said  that  transmisHioa  or  pro- 
pulsion by  electricity,  even  under  adverse  circumstances,  is  an 
accomplished  fact  A  further  six  miles  of  extension  to  Dervock 
will  connect  this  railway  with  the  railway  syslem  of  the  north 
_  of  Ireland ;  they  will  then  have  a  length  of  twelve  miles  of  line 
B  of  the  same  gatige,  and  using  the  .same  carriages  as  tliose  gener- 
ally used  there. 

•  It  is  a  remarkable  circumstance  iu  favor  of  the  electric  traiia- 
mission  of  power,  that  while  the  motion  of  the  electro  dynamic 
or  power  receiving  machine  is  small,  its  potential  of  force  is  at 
its  maximum,  and  it  is  owing  to  this  favorable  circumstance 
that  the  electric  train  starts  with  a  remarkable  degree  of  energy. 

■  With  the  increase  of  motion  the  accelerating  power  diminishes 
until  it  comes  to  s^ero,  when  the  velocity  of  the  electro  dynamic 
or  driven  machine  becomes  equal  to  that  of  the  dynamo  electric 
lOr  current  producing  machine.     Between  the  two  limits  of  rrat 
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and  maximum  velocity  the  driving  power  regulates  itself  accord- 
ing to  the  velocity  of  the  train:  thus,  on  an  ascending gradieat 
the  8i)eed  of  the  train  diminishes,  but  the  same  effect  is  auto- 
matically produced  which  results  from  the  turning  on  of  more 
steam  in  case  of  the  locomotive  engine.  When  running  on  the 
level,  the  velocity  of  the  train  ghould  be  such  that  the  magneto 
electric  machine  should  make  one  half  to  two  thirds  of  the 
number  of  revolutions  per  minute  of  the  dynamo  electric  ma- 
chioa  "When  desceudiug,  the  speed  of  the  electro  dynamic 
machine  will  be  increased  in  consequence  of  the  increased  velo- 
city of  the  train,  until  it  exceeds  that  of  the  dynamo  electric 
machine,  from  which  moment  the  functions  of  the  two  macbiaee 
will  be  reversed ;  the  machine  on  the  train  will  become  a  cur- 
rent generator,  and  pay  back,  as  it  were,  its  spare  power  into 
store,  performing  at  the  same  time  the  useful  action  of  a  brake 
in  checking  further  increase  in  the  velocity  of  the  train.  If  two 
trains  be  placed  upon  the  same  \mir  of  rails,  the  one  moviag 
upon  an  ascending  portion,  the  other  upon  a  descending  portico 
of  the  same,  power  will  be  transmitted  through  the  rails  from 
the  latter  to  the  fonner,  aud  they  maj',  therefore,  bo  considered 
as  connected  by  means  of  an  invisible  rope. 

With  regard  to  the  relations  of  work  done  to  energy  expcndei 
on  the  electric  railway,  the  proportion  of  power  actually  trans- 
mitted varies  with  tiie  speed  of  the  train,  and  reaches  a  maximum 
when  the  angular  velocity  of  the  armature  of  the  machine  on  the 
train  is  about  two-thirds  that  of  the  armature  of  the  curreat 
generator.  Under  this  condition  it  is  found  in  practice  that 
aomcthing  over  fifty  per  cent  of  the  motive  power  of  the  sta- 
tionary engine  driving  the  generator  is  utilizetl  in  drawing  the 
ti-uiu. 

It  is  not  to  be  expected  that  the  electric  locomotive  will  com- 
pote with  the  steam  locomotive  on  long  lines  of  railway,  but  it 
may  prove  very  serviceable  under  special  cijxiumatancea  and  on 
short  lines.  For  steep  gradients,  tramwaj-s  in  mines,  docks, 
large  works,  or  cities,  it  is  particularly  well  adapted,  owing  to 
its  freedom  from  noise  or  noxious   fumes.     It  is  also  wdl 
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adapted    for  the   tmnRraisaion   of.  letters  along  subterranean 
tubes. 


I 

I 
I 
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TRAMWAY   WORKED   BY  ELKCTBIC   ACCTJMOLATORS. 

For  tramways  within  populous  districts  tbe  insulated  con- 
ductor involves  a  serious  difficulty,  and  it  may,  perhaps,  be 
more  advantageous  under  these  circumstances  to  resort  to 
secondary  batteries,  forming  a  store  of  electrical  energy  carried 
under  tho  seats  of  the  car  itself,  and  working  an  electro  dynamic 
motor  connected  witli  tlie  moving  wheels. 

Such  an  experiment  has  recently  been  made  at  Kew  Bridge, 
on  the  Acton  tramway  line,  London.  The  car  used  in  this  ex- 
periment was  fitted  with  an  accumulator  battery  consisting  of 
60  FaureSellon-Volckmar  cells,  weighing  about  80  lbs.,  and 
capable  of  working  a  tram  cai-  with  its  full  load  for  seven  liours. 
The  accumulators  were  stored  under  the  seats  of  the  car,  and 
the  current  was  conveyed  by  insulated  wire  to  a  Siemens  electro 
motor,  the  armature  of  which  being  revolved,  and  the  power  was 
conveyed  to  a  pulley  fastened  on  the  same  axle  as  the  armature 
and  connected  witli  the  axle  of  the  driving  wheel.  The  motor 
worked  satisfactorily  with  an  electro  motive  force  of  100  volts, 
producing  a  current  of  60  amperes,  equal  to  6,000  watts,  and  as 
746  watts  constitute  a  horee  power,  the  result  was  a  consump- 
tion of  eight  horsepower. 

By  means  of  a  simple  switch  the  action  of  the  motor  was  re- 
versed at  will,  and  the  power  increased  or  diminished  as  required, 
by  adding  to  or  taking  from  the  number  of  cells  composing  the 
accumulator,  and  by  breaking  the  circuit  the  motive  power  was 
8topi>ed,  and  the  brake  being  tben  applied,  the  car  was  almost 
immediately  brought  to  a  standstill 

The  car  could  carry  a  load  of  forty-six  persons,  the  total 
weight  being  about  five  tons.  The  speed  attained  was  six  miles 
per  hour,  and  the  car  ran  smoothly  along  a  level  road  and  down 
hill.  When  the  attempt  was  made  to  ascend  an  incline,  a  de 
feet  in  a  connecting  band  interfered  with  the  operation  of  tlie 
motor,  and  the  trial  was  interrupted  at  that  point.    There  is  be- 
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licved  to  be,  however,  no  serious  difficulty  involved  in  the  case, 
uud  it  was  decided  to  place  electrical  cars  on  the  Acton  ro&das 
soon  as  the  necessary  license  uould  be  obtained. 

The  cost  of  running  cars  in  this  manner  is  estimated  at  $1.50 
per  day  for  each  car,  against  $0.25  for  the  same  6er^*ice  when 
horses  are  emjiloyed,  and  in  places  where  water  or  other  natural 
power  is  available,  and  there  would  be  no  expense  for  fuelj  llie 
outlay  would  be  stiU  more  favorable  to  the  new  system.  Ii 
should  be  stated  as  another  advantage  of  this  electrical  car  thai 
it  was  lighted  by  Swan  incandescent  lamps,  and  supplied  with 
electric  bells,  botli  being  worked  by  the  accumulators. 


AN  ELEVATED   SLKOTRIC  TE^ViTWAY. 

Dr.  Werner  Siemens  liaa  designed  an  elevated  tramway  tO 
connect  one  end  of  the  city  of  Berlin  with  the  other.  It  ia  pro- 
posed to  liftve  two  separate  lines,  one  for  the  going  and  the  other 
for  the  return  journey.  The  raila  are  to  be  S  ft.  3  in.  a{: 
and  only  two  rails  will  be  required  for  each  line,  the  current 
coming  from  tlio  terminal  engine  by  one  line,  and  returning  by 
the  other.  Each  tniin  has  fourteen  narrow  cars,  four  to  convey 
standing  passengers,  and  ten  for  sitting  passcugera.  A  6i>  lie 
power  engine  will  be  stationed  at  one  end  of  each  line:,  and 
speed  will  be  twenty  miles  i>cr  hour. 

ELECTRIC   RAILWAY    IX   TUfTNELa 

The  freedom  of  the  electro  locomotive  from  smoke  is  of  | 
importance  in  passing  through  along  adit  or  tunnel,  and  it  is" 
intei-esting  to  learn  that  the  adrainislratibn  of  the  Sl  Gothard 
Tunnel  seriously  contemplate  ita  application  to  the  conveynncf 
of  their  trains  through  that  gigantic  tunnel.  Existing  cireum- 
stances  are  in  this  case  favorable  to  the  employment  of  electric 
jwwer,  as  at  both  cuda  of  the  tunnel  turbines  of  enormous  airgre- 
gate  power  were  established  to  assist  in  boring,  uud  still  stand 
ready  for  use.  All  that  has  to  be  done,  therefore^  is  to  insu- 
late the  rails,  and  councul  dynamo  electric  maciiiues  of  suf* 
ficient  |x>wer  to  the  turbines  and  the  train.     Instead  of  insula- 
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ting  one  of  the  mils,  it  might  be  advisable  to  convey  the 
cu-irent  by  a  conducting  rope  resting  on  wooden  or  glass 
supports  in  such  a  manner  that  it  can  be  picked  up  by  the  train 
asitpaafles,  and  run  over  one  or  more  contact  pulleys  connected 
to  the  armature  of  the  machine  carried  by  the  iniin,  then  de- 
posited again  on  itA  insulating  supports.  In  this  way,  no  doubt, 
the  insulation  of  the  rails  could  be  avoided,  but  it  remains  to 
be  determined  l>y  the  experiment  whether  the  high  velocity  of 
the  train  would  not  render  such  a  plan  impracticable. 


KI>ISONS    KLBOTRIC    RAILWAT. 

Fig.  477  presents  a  general  view  of  an  electro  motive  engine 
and  car  devised  by  Mr.  Thomas  A.  Edison,  and  was  employed 
by  him  in  1880,  at  Menlo  Park,  N.  J.  This  electric  railway 
was  built  upon  natural  ground,  with  little  or  no  grading  or  re- 
gard for  curves,  and  was  about  half  a  mile  in  length.  The 
motor  was  precisely  like  the  electric  generator  shown  on 
page  138,  and  the  current  w:is  supplied  by  a  similar  machine 
worked  by  a  stationary  engine.  The  current  was  oonveyed  to 
the  track  by  two  copper  wires,  one  being  connected  to  each  rail, 
the  rails  being  i[isulate<l  from  each  other.  The  armature  of  th« 
locomotive  made  four  revolutions  to  one  revolution  of  the  driv- 
ing wheels. 

ftbld's  electric  railway. 

An  electric  railway,  dcviseil  by  Mr.  Stephen  J,  Field,  was  ex- 
hibited at  the  Chicago  Exposition  in  1883,  on  which  occasion 
two  of  Weston's  No.  0  dynamo  electric  machines  were  employed, 
the  same  type  being  usetl  as  a  generator  and  motor.  The  track, 
fig.  478,  was  laid  iu  the  gallery  of  the  main  huiltling,  extending 
around  its  margin  and  curving  sharply  at  cither  end  on  a  radius 
of  66  feet  Its  total  length  was  1,553  feet,  or  nearly  one  third 
of  a  mile.  This  track,  which  was  of  three  feet  gauge,  was  com- 
posed of  three  rails,  as  in  Siemens'  Berlin  line,  the  middle  rail 
being  connected  with  one  pole  of  the  stationary  generator  lo- 
cated below  on  the  main  floor,  at  a  distance  of  about  fifty  feet 
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from  the  track.  The  two  outside  tracks  were  eleotrically  OOQ* 
nocted  together  and  with  the  other  pole  of  the  geaerator.  This 
arrangement  obviated  the  necessity  of  insulating  the  wlieela  on 
one  side  from  those  on  the  other,  which  is  necessary  when  only 
two  rails  arc  used.  In  order  to  secure  good  connections  and  low 
resistance,  a  precaution  made  necessary  by  the  low  electro  motive 
force  of  the  generator,  wires  were  laid  under  each  rail.  The 
locomotive,  which  was  twelve  feet  long  and  five  feet  wide 
and  weighed  about  three  tons,  is  shown  in  Fig.  479  in 
plan  with  its  cab  removed.  This  figure  shows  the  manner 
of  transmitting  the  power  from  the  armature  of  the  motor 
to  the  driving  wheels.  The  motor  is  placed  crosswise  upon 
the  frame.  Its  armature  shaft  is  coupled  to  an  extensitw 
shaft  which  is  prulouged  forward  and  transmits  motion  by  means 
of  bevel  gearing  to  a  countershaft  carrying  two  puller's.  From 
these  puller's  the  power  is  transmitted  by  means  of  belts  to  the 
loose  pulleys  on  the  axle  of  the  drivers.  The  gearing  of  the  ar- 
mature e:(tension  shaft  to  the  counter  shaft  was  made  so  as  to 
reduce  the  speed  three  times.  The  ptilleys  on  the  counter  shaft 
were  12  inches  in  diameter,  the  driven  or  loose  pulleys  on  the 
axle  of  the  driving  wheels  were  26  inches  in  diameter,  and  the 
driving  whcel.«*  were  30  Intjhes  in  diameter.  The  maximum 
speed  which  tliis  gearing  would  produce  was  about  12  miles  per 
hour,  but  the  weakness  of  the  gallery  on  which  the  track  was 
laid  made  it  necessary  to  run  the  locomotive  at  a  lower  speed. 
The  average  speed  maintained  was  eight  miles  an  hour,  the  mo- 
tor revolving  at  tlie  rate  of  about  750  turns. 

The  two  "Weston  machines  used  as  genenitor  and  motor  were 
of  the  shunt  wound  description,  in  which  the  current  from  the 
arnmture  divides  into  two  portions,  one  passing  tlirough  the 
field  magnet  circuit  and  the  other  through  the  external  circuit, 
the  amount  of  current  flowing  througli  each  circuit  being  in- 
versely proportional  to  its  reaistauce.  When  the  resistance  of 
the  external  circuit  is  great,  a  largo  amount  of  current  passes 
through  the  field  magnet,  and  the  magnetic  field  is  stronger.  In 
this  cose  the  efioct  of  opening  the  external  current  is  precisely 
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the  same  aa  if  its  resistance  wore  increased  to  infinity;  thai  is 
to  say,  all  of  the  current  passes  through  the  field  magneta  and 
the  magnetic  field  attains  its  highest  degree  of  power.  On 
the  other  hand,  when  the  resistance  of  the  external  circuit  is  re- 
duced to  almost  nothing,  the  greater  part  of  the  current  passes 
through  the  external  circuit,  only  a  small  portion  passing 
through  the  field  magnets,  and  the  magnetic  field  is  very  weak. 
Consequently,  if  a  shunt  generator  is  started  with  a  closed  ex- 
ternal circuit  of  very  low  resistance,  the  small  quantity  of  cur- 
rent induced  in  the  armature  hy  the  residual  magnetism  of  the 
magnetic  field  passes  almost  wholly  into  the  external  circuit,  and 
the  magnetism  of  the  magnetic  field  fails  to  increase,  so  that  the 
current  developed  remains  small. 

Now  if,  as  in  the  case  of  the  electric  locomotive,  the  external 
circuit  consists  of  a  second  machine  to  be  worked  as  a  motor, 
the  resistance  of  which  is  very  small,  the  generator  will  not  de- 
velo])  current  enough  to  stjirt  the  motor.  If,  however,  the  lead- 
ing wires  add  sufficient  resistance  to  the  external  oirtiuit  to  cause 
the  diversion  of  an  appreciable  current  into  the  derived  or  field 
magnet  circuit  of  the  generator,  its  magnetic  field  will  increase 
in  power  and  the  current  induced  in  the  armature  will  conse- 
quently be  gr&itcr  in  volume,  and  perhaps  enough  to  start  the 
ixtotor.  Consequently  it  would  appear  expedient  to  increase  the 
external  resistance  at  the  time  of  starting  the  generator,  so  that 
its  magnetic  field  may  be  charged  sufficiently.  Wlien  the  mo- 
tor begins  to  move  it  develops  a  counter  electro  motive  force  io 
tlie  circuit  which  practically  amounts  to  so  much  electrical  re- 
sistance, and  causes  the  further  iliversion  of  current  into  the 
magnetic  field  circuit  Thus,  when  once  started,  the  counter 
electro  motive  force  of  the  motor  answered  the  purpose  of  resist- 
ance. It  was  found  by  experiment  that  the  best  efliciericy  of 
the  generator  was  realized  when  the  motor  had  attained  its 
maximum  speed,  from  which  it  was  inferred  that  the  proper  mo- 
ment to  put  the  load  ou  the  motor  was  when  it  had  reached  its 
greatest  velocity. 

The  mechanism  by  which  this  was  oooomplisbed  is  shown  ia 
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"by  belts  from  tlie  pulleys  of  the  countershaft,  as  shown  in  figs. 
3  and  4,  F  F  F  F  are  cone  friction  polleya  fitting  into  the  ul- 
terior of  the  rim  of  the  loose  pulleys.  These  friction  pulleys 
revolve  with  the  shaft,  being  connected  thereto  by  meana  of 
keys  and  key-ways,  which  are  loose,  however,  bo  that  the  fric- 
tion pulleys  can  slip  lengthwise  on  the  axle  aa  tliey  revolve. 
The  hub  of  each  friction  wheel,  Fj  Fj,  carries  a  collar,  E  E, 
which  is  connected  by  arms^  D  I),  to  a  lever,  B,  fulcrumcd  at  C 
on  a  projection  from  another  collir  fitted  around  the  slmfL  la 
the  position  shown  the  friction  cones  F  F  F,  ¥^  are  removed 
from  the  pulleys,  which  are  free  to  move  loosely  upon  the  axle. 
But  upon  moving  the  lever  B  to  the  right  tlie  friction  cones 
both  move  outward  from  the  centre,  and  engage  the  inner  sur- 
face of  the  pulleys,  and  thus  the  motion  of  the  loose  pulleys  is 
communicated  to  the  driving  wheels  W  W. 

The  device  for  picking  up  the  current  from  the  central  rail  is 
also  shown  in  fig.  480.  It  consists  of  a  kind  of  inverted  vice 
bolted  to  an  arm,  11  IT,  projecting  from  the  frame  of  tlie  loco- 
motive. The  jaws  N  Is  of  the  vice  are  each  ]>erfomted  with  three 
holes  direcUni  obliquely  dowiiwaniand  inward,  through  wbich 
bundles  of  phosphor-bronze  wire  pass,  being  fastened  by  a  screw, 
0.  A  spiral  spring,  S,  extending  between  the  arms  of  the  vice 
serves  to  bring  the  two  brushes  M  Af  into  close  contact  with  the 
central  rail  P,  whether  the  locomotive  is  moving  forward  or 
backward. 
P  The  means  for  regulating  the  speed  of  the  engine  is  similar  to 
that  employed  on  the  electric  railway  at  the  Paris  Exposition. 
By  the  motion  of  a  lever,  fig.  481,  the  resistance  of  a  suitable 
rhcoe'tat  is  thrown  in  or  out  of  the  main  circuit,  thus  controlling 
the  amountof  current  flowing  therein.  The  lever  is  placed  hori- 
zontally and  moves  over  contact  segments  disposed  in  a  circle. 
These  segments  are  insulated  from  each  other,  but  are  connected 
by  coila  of  iron  wires  of  different  resistance's.  When  the  lever  is 
_  in  the  position  shown  in  the  figures,  there  is  no  restsiance  in- 
Boluded  in  the  circuit  "WTien  it  is  moved  forward  to  tlie  next  seg- 
ment, the  resistance  is  1  ohm.     On  moving  to  the  next  the  resist- 
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ftnce  19  2  ohms,  and  so  on,  the  amouuL  of  resistance  included  in  cir- 
cuit when  the  lever  touches  each  B^mentbeinginfig,  481  indica- 
ted by  the  figures  thereon.  The  rheostat  included  two  Edison  B 
Iam|)s  of  85  ohms  each,  so  tliat  the  total  resistance  when  the 
lever  touched  the  last  segment  was  174  ohms. 

The  high  resistance  necessary  at  starting  to  cause  the  magnetic 
field  of  the  generator  to  magnetize  itself  was  readily  afforded  by 
this  rheostat  on  closing  the  circuit.  The  device  for  reversing 
the  cun-ent  at  the  motor  when  it  is  desired  to  make  the  locomo- 
tive move  backward  is  abowu  in  fig.  482.     The  lever  J  causes 
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turn 


Fig.  481. 


the  vheel  H  II  to  turn  on  the  armature  shaft  G.  Tliis  wheel 
gears  with  two  wLecIs  K  F,  to  which  are  fastened  arms  C  C 
I)  D.     These  arms  carry  brushholdcra  and  brushes  A^  -A.,  B, 

Kb,.  The  function  of  the  device  is  simply  to  change  tlie  relative 
directioD  of  the  current  through  the  arniaturo  of  the  motor.  In 
the  poflition  shown  in  the  figure  the  positive  brush  B,  touches 
the  commutator  at  the  left  hand  side,  while  tlie  negative  brush 
A  3  t*-«uche9  it  at  the  riglit  hand  side.  On  moving  the  lever  J 
as  far  as  R  the  brushes  A,  B,  leave  contact     On  moving  the 

Blerer  still  further  the  brushes  A  B  now  come  in  contact  with 
the  commutator  of  the  motor,  no  that  the  positive  brush  B, 
touches  the  ri^^ht  h:ind  side  of  tlic  commutator  and  the  negative 
brush  A  the  loft  hand  side,  instead  of  the  opposite. 
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The  locomotive  waa  provided  with  an  electric  bell  having  a 
resistance  of  860  ohiiis,  wliich  waa  j>laced  in  pamllcl  circuit 
with  the  motor;  its  high  resiatance  preventing  any  appreciable 
diviaioa  of  the  current  from  the  motor. 

Tlie  Chicago  electric  railway,  which  was  the  first  constructed 
in  this  country  for  business  purposes,  was  opened  June  9,  an<:l 
closed  June  23,  having  run  in  118  hours  446  miles,  and  carrietl 
H  26,805  paasengcra. 
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An  electric  railway  operated  by  accumulators  has  been  estab- 
lished at  the  linen  bleaching  works  of  Mr.  Fourriet,  situated  at 
Le  Breuil-cn-Augc,  in  the  Department  of  Calvados,  France.  At 
this  establishment,  the  fabrics  are  treated  with  chlorine  and 
alkaline  solutions,  by  exposure  to  the  sun  in  the  open  air  in 
large  fields,  over  which  the  pieces  of  linen  are  spread.  Each 
piece  of  goods  is  100  yards  in  length;  and  tbei-e  are  87  acres  of 
ground  which  may  thus  be  covered.  The  track  of  the  railway 
passes  in  front  of  all  the  lines  of  goods,  over  an  extent  of  about 
'2,500  yards,  550  yards  of  it  being  straiglit,  and  there  being 
twenty-one  branches.  The  track  is  a  narrow  gauge,  2  feet  8 
inches,  and  the  rails  are  of  the  Yignole  type. 

The  train,  which  is  moved  by  an  electro  dynamic  motor,  fig. 
48S,  actuated  by  Faure  accumulators,  fig.  484,  leaves  the  works 
with  emjity  cars.  Having  arrived  on  the  giound,  it  stops,  and 
tlie  motor  is  made  to  actuate  pick-up  rollers,  between  wliieh  is 
fastened  the  end  of  the  piece  to  be  gathered  in.     The  cloth,  as 

tit  leaves  the  rollers,  passes  over  a  reel  and  is  deposited  in  the 
car  by  a  workman  (6g.  485).  As  all  the  pieces  spread  out  on 
the  grass  have  previously  been  connected,  end  to  end,  one  man 
can  take  up  5,500  yarda  in  30  minutes,  although  by  ordinary 
^  methods  this  would  take  11  hours. 

f  The  electro  dynamic  motor  (6g.  483)  consists  of  a  reversible 
Siemens  machine  of  20  horse-power.  A  diminution  of  speed  in 
the  ratio  of  1  to  9  is  obtained  by  an  endless  chain  transmission. 
The  machine  is  controlled  by  a  manoeuvring  lever  shown  in  fig. 
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483.  In  the  vertical  position  the  brake  is  unlocked,  and  no 
electrical  action  takes  place.  On  depressing  the  lever  an  electric 
contact  is  set  up,  the  resistance  of  the  rheostat  decreases  and  the 
speed  is  increased.     The  speed  of  the  train  then  varies  according 
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machine,  which  has  been  used  for  lighting  the  work  since  1879, 
by  means  of  eleven  Reynier  lamps.  The  weight  of  the  electric 
engine  is  2,000  pounds ;  that  of  the  tender  is  1,600 :  and  each 
car,  when  loaded,  1,700.  With  the  workmen  and  six  passengei-s, 
the  total  weight  of  the  train  is  14,000  jrounds.  The  accumula- 
tors ore  charged  by  a  current  from  a  Orarame  machine,  which 
has  been  used  for  lighting  the  workatsince  1879,  by  means  of 
eleven  Re3mier  lamps.  The  works  arc  capable  of  protKicing  60 
horse  power.  Of  this  only  three  are  utilized  during  the  time  of 
charging,  which  lasts  from  five  to  eiglit  hours.  At  the  upper 
end  of  the  tender  there  is  a  commutator,  Ug.  484,  which  ad- 
mits of  setting  the  accumulators  successively  m  operation — first, 
to  the  minimum  number  of  twenty-four,  and  then  by  a  succes- 
sive increase  of  six  up  to  sixty.  The  speed  of  the  train  is  eight 
miles  per  hour ;  but  in  this  special  application  rapidity  has  in 
nowise  been  sought  The  duration  of  working  is  three  hours, 
and  this  is  limited  by  the  charge  of  the  conductors.  If  such  a 
system  were  employed  for  carrying  passengers  on  tramwa3rs,  all 
that  part  of  the  apparatus  which  serves  for  gathering  up  the 
goods  would  give  place  to  accumulators,  thus  permitting  of  the 
tender  being  dispensed  with. 

ELECTRIC   RAILWAYS   FOR  TRANSPOHTCNO   DESPATCHES. 

To  the  question  of  electric  railways,  properly  speaking,  is  con- 
nected that  of  electric  railways  designed  fur  the  transportation 
of  despatchea  This  quet^tion  has  already  been  thoroughly  dia- 
cusBod  in  Paris,  where  the  idea  of  replacing  the  pneumatic  tubes 
by  a  small  vehicle  impelled  electrically  was  urged  in  1879  by 
Mr.  Charles  Bontemps,  and  subsequently  renewed  in  a  confer- 
ence with  Dr.  Werner  Siemens  in  1880.  The  value  of  this 
method  wa.s  subsequently  shown  by  experimentduringthe  same 
year  by  Mr.  Marcel  Dcprez,  upon  a  small  circular  railway  con- 
structed in  the  court  of  the  general  telegraph  olRce  in  Pari.H,  by 
the  aid  of  his  small  electric  locomotive.  In  March,  1881,  experi- 
ments of  the  same  value  were  made  in  Vienna  with  equal  suc- 
0688,  by  the  Director  General  of  Telegraphy,  Mr.  Brunner  de 


740 


THE   ELECTBICAL  TBAJiSMISSIOK   OP  POWEB. 


Wattenvyl.  lu  spite  of  these  encouragiag  results^  however,  the 
project  which  had  been  formed,  following  the  exi>enment  of  Mr. 
Deprez,  to  establish  an  electric  post  in  the  sewers  of  Paris,  seemi 
to  have  been  completely  abandoned. 

At  the  electrical  exhibition  at  the  Palais  de  I'lndostrie,  in 
1881,  this  system  of  transjiorting  despatches  was  represented  by 
the  small  locomotive  of  Mr.  Deprez  and  by  the  analogous  ap- 
paratus of  Mr,  Siemens,  shown  in  fig.  486.  The  latter  consisted 
of  a  small  dynamo  eiecti-ic  machine,  mounted  upon  a  snuiU  car, 
to  the  wheels  of  which  it  communicated  a  movement  of  rotatioa 
The  current  was  transmitted  to  the  locomotive  through  the  nuls 
and  wheels,  and  to  the  locomotive  was  attached  a  metallic  box, 
mounted  upon  wlieels,  in  which  were  placed  the  des(>alches. 

Mr.  Bontempe  has  fully  shown  the  economy  which  would  re- 
sult from  the  replacement  of  the  pneumatic  tubes  by  the  elec- 
tric post,  and  has  demonstrated  that  if  at  any  given  moment 
forty  electric  vehicles,  each  weighing  with  its  despatches  thirty- 
three  pounds,  were  travelling  at  a  speed  of  twenty  feet  a  second 
(about  fourteen  miles  an  hour),  the  total  work  required  for  the 
transportation  of  the  despatches  upon  all  the  subterranean  sys- 
tema  of  Paris  would  be  only  twelve  horse  power,  while  by  the 
pneumatic  tubes  this  work  requires  one  hundred  and  twenty 
horse  power.  With  the  pneumulic  tubes  it  is  necessary  to  move 
not  only  the  box  containing  the  despatches,  but  in  addition  a 
considerable  column  of  air,  whicli  causes  a  very  much  greater 
friction  than  that  of  the  box  itself.  By  the  pneumatic  tube 
system  a  very  great  force  is  expended  in  order  to  be  able  to 
transport  a  relatively  limited  number  of  despatches.  By  the 
electric  post,  with  un  expenditure  of  force  much  less,  the  num- 
ber of  despatches  transported  would  bo  much  greater.    The=^ 

capacity  of  the  vehicle  at  the  same  time  would  not  limit  its  ap 

plication  to  the  transj»ortiition  of  despatches,  as  it  would  h^^= 
very  easy  to  make  it  serve  for  the  transportation  of  letters  anciaV 
newspapers  also,  which  would  i>rf>ve  an  important  auxiliary  U^j 
the  postal  service  where  the  telegraph  and  postal  systems  wenoj 
united. 
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PLOCOeiNG  BY  KLKCTBICITT. 

The  transmission  of  power  by  means  of  electricity  and  ita 
application  to  various  industries  is  constantly  increasing.  Among 
those  who  have  devoted  much  attention  to  this  branch  of  elec- 
trical service  are  Messrs.  Chretien  and  Felix,  two  French  engi- 
neers, who  have  begun  a  series  of  applications  which  promise  lo 
produco  important  results.  In  1879  these  gentlemen  used  a 
combination  for  unloading  beet  boats  and  loading  wagons  at  the 
sugar  works  of  Sermaize,  in  Mame.  A  Gramme  machine  vtzs 
made  to  turn,  by  means  of  a  belt,  &  large  wheel,  which  carried 
an  endless  chain  of  bueketSf  similar  to  that  used  on  dredges. 
Tho  chain  ran  down  into  the  boat,  where  six  workmen  loaded 
the  buckets  with  the  beets  that  were  to  be  hoisted.  The  chain 
worked  continuously,  and  tbe  buc-keU,  as  fast  a.s  they  reached 
the  proper  point,  dumped  the  beets  automatically  into  an 
inclined  hopper,  through  which  they  were  carried  to  the  wagoos 
in  waiting.  During  the  season  there  were  unloaded  in  this  way 
four  hundred  tons  of  beets,  which  had  been  brought  to  the  port 
of  Sermaize  by  boats  on  the  canal  from  the  Mame  to  the  Bhine 
Tho  goveniing  Gramme  machine  was  situated  iu  the  Sermaize 
sugar  works,  at  a  distance  of  ab(:>ut  S25  feet  from  the  port,  the 
two  machines  being  connected  by  wires  carried  on  poets.  The 
use  of  this  apparatus  was  found  to  efTect  a  saving  of  about  ^ 
per  cent  over  manual  labor. 

These  gentlemen  have  since  gone  still  farther  by  exhibiting 
(also  at  Sermaize)  a  device  for  ploughing  by  electricity. 

A  governing  Gnirame  machine  occupies  a  lixed  position  id 
the  sugar  works,  and  is  actuated  by  a  steam  engina  The  ele^ 
tricitv  thereby  developed  is  led  by  conducting  wires,  first  to  one 
windlass  and  then  to  another.  These  two  windlasses,  mount(^d 
on  four-wheeled  carriages,  are  seen  at  tbe  right  and  the  left  of 
the  field  iu  fig.  4&7.  By  means  of  a  small  steel  cable,  half  aa 
inch  in  diameter,  these  windlasses  alternately  draw  bock  and 
forth  over  the  field  a  balance  plough  provided  with  four  sbaia^ 
two  working  in  each  direction.  Motion  is  given  to  the  wind- 
lasses by  two  Gramme  machines,  placed  at  the  right  and  left,  as 
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shown  in  tlie  engraving.  The  mechanical  arrangement  is  very 
simpla  Each  of  the  two  Gnimme  machines  carries  two  pulleys, 
covered  with  India  rubber,  which  press  against  and  move  the 
two  lai-ge  pulleys  of  the  hauling  apparatus  by  friction.  The  two 
machines  are  conuecteil  togetlier  at  their  upper  parts  by  means 
of  a  simple  connecting  rod  and  a  pair  of  India  rubber  rings, 
which  hold  the  pulleys  on  the  ends  of  the  Gramme  machine 
against  the  large  pulleys  of  the  windlass. 

The  ajiparatus  works  as  follows  :  The  electric  current  being 
led  from  the  factory  through  the  two  conducting  cables,  causes 
the  Gramme  machines  to  revolve.  The  friction  pulleys  on  the 
ends  of  the  latter  move  the  large  pulleys,  and  these  in  turn  com- 
municate moUon  to  the  hauling  drum  by  means  of  pinions  fixed 
on  their  axles.  The  hauling  drum,  by  means  of  its  steel  cable, 
carries  the  plough.  When  the  latter  ha.-?  crossed  the  field  a  com- 
mutator is  turned,  the  current  reversed,  the  other  windlass  set 
in  motion,  and  the  plough  thus  carried  back  to  its  former  position. 
In  the  experiment  lit  Sermaize  tlie  two  windlasses  were  placed 
at  a  distance  of  664  feet  apart,  and  the  8  horse  power  engine 
which  gave  motion  to  the  dynamo  electric  machines  which  sup- 
pliwl  the  electricity  was  situated  at  1,300  feet  from  the  field. 
The  Gramme  machines  at  works  were  <Iriven  at  1,600  revolu- 
tions f>er  minute,  while  those  on  the  windlasses  made  800  per 
minute.  The  hauling  drums  made  14  and  27  revolutions  per 
minute  under  the  slow  and  fust  speeds  respectively,  the  corre- 
sponding s^jeed?  of  the  plough  being  164  and  266  feet  per  minute. 
It  was  found  that  about  fifty  per  cent  of  the  work  of  the  fixed 
engine  was  realized  on  the  field,  and  that  the  efHciency  of  the 
electro  dynamic  apparatus  is  from  30  to  60  per  cent,  according 
to  the  distance  of  transmission. 

Another  feature  connected  with  the  apparatus  remains  to  be 
mentioned.  The  wagons  which  carry  the  windlasses  arc  them- 
selves  moved  by  electricity  after  the  ploughing  of  every  double 
furrow.  This  is  effected  as  follows :  Upon  a  prolongation  of  the 
main  axle  of  the  machine  is  fixed  a  bevel  pinion,  which  gears 
with  a  bevel  wheel  at  the  end  of  the  wagon ;  the  shaft  of  the 
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bevel  wheel  carries  a  pitch  pinion,  and  over  this  and  a  cog 
wheel  on  the  hind  axle  of  the  wagon  runs  a  pitch  chain.  By  a 
simple  shifting  of  the  gearing,  motion  is  transferred  from  the 
windlass  to  the  latter  system  and  a  headland  movement  of  the 
wagon  obtained.  The  steering  of  the  wagon  is  e£Eected  by  a 
hand  wheel  in  front 

It  is  urged  in  favor  of  this  apparatus  that  it  will  provide  in 
France  the  means  of  supplanting  much  hand  labor,  which  is 
scarce,  expensive,  and  not  always  to  be  depended  upon ;  and 
that  by  its  means  much  water  power,  now  neglected,  may  be 
turned  to  profitable  advantage  in  actuating  the  machines  fi^ 
producing  and  transmitting  the  electricity. 


CHAPTER  IX. 

THE    ELECTRICAL   STORAGE   OF   POWER. 

The  Storage  of  electricity  by  means  of  electric  accumulators, 
which  has  recently  played  so  important  a  part  in  llie  trauamis- 
fiion  of  electric  energy,  is  not  an  entirely  new  conception.  The 
hydrogen  gas  battery  suggested  by  Sir  "William  Grove,  in  1841, 
realized  in  the  most  perfect  manner  the  conception  of  storage, 
although  the  power  obtained  from  it  was  exceedingly  alight. 
This  battery  was  made  as  follows :  Into  the  two  outer  necks  of 
a  three  necketl  bottle  two  glass  tubes  were  fitted,  each  ol  which 
was  open  below,  and  a  platinum  wire  entered  them  hermetically 
above,  to  which  a  long  strip  of  platinum  was  soldered,  extending 
nearly  to  the  bottom  of  the  tube.  Little  cups,  containing  mer- 
cury, were  attached  to  the  upperend  of  these  wires.  The  bottia 
was  filled  with  slightly  acidulated  water,  and  the  poles  of  a 
galvanic  battery  were  placed  in  the  little  cups.  Water  was 
thereby  decomposed  j  oxygen  forming  in  one  tube  and  hydrogen 
in  the  other.  When  the  battery  wires  were  removed,  nochange 
took  place  till  metallic  connection  was  established  between  the 
cups,  when  oxygen  and  hydrogen  gradually  disappeared,  at- 
tended by  an  electric  current,  which  passed  from  the  oxygen  to 
the  hydrogen.  When  several  of  these  were  put  together  in  a 
battery,  the  connection  being  always  oxygen  to  hydrogen,  they 
oould  decompose  water.  The  most  important  fact  illustrated  by 
this  battery  was  that  the  oxygen  and  hydrogen,  liberated  by 
galvanic  agency,  when  left  to  themselves,  produced  a  current 
the  opposite  to  that  which  sepanited  them.  When  the  poles  of 
the  decomposing  battery  were  in  the  mercury  cups,  hydrogen 
was  given  off  at  the  — ,  and  oxygen  at  the  -j-  [wle ;  and  as 
opposite  electricities  attract,  it  is  manifest  that  the  hydrogen  in 
this  action  was  -f-,  and  the  oxygen  — .  When  two  gases  formed 
by  means  of  the  platinum  plates,  a  galvanic  pair  by  themselves, 
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the  current  proceeded  from  the  -f*  to  the  —  within  the  liquid^ 
and  the  reverse  way  between  the  poles,  which  was  the  opposite 
of  the  direction  of  the  original  current  It  is  manifest  lliere- 
foro,  that  where  oxygen  or  hydrogen  ia  set  free  at  any  point  in  a 
galvanic  circuit,  they  will  tend  to  send  a  counter  current  Thia 
tendency  is  called  galvanic  polarization. 

Sir  William  Siemens,  in  1858,  constructed  a  battery  of  con- 
siderable power  by  substituting  porous  carbon  or  platinum,  im- 
pregnating the  same  with  a  precipitate  of  lead  peroxidized  by  a 
charging  current  At  lliat  time,  liowever,  little  practical  im* 
portance  was  attached  to  the  subject,  and  even  when  Plants,  in 
1860,  produced  his  secondary  battery,  composed  of  lead  pktes 
peroxidizcd  by  a  charging  current,  Httle  more  than  scientific 
curiosity  was  excited.  It  is  only  since  the  electro  dynamic 
motor  has  become  an  accomplished  fact  that  the  importance  of 
this  mode  of  storing  energy  lias  become  of  practical  importance, 
and  grwit  credit  is  due  to  Faure,  Kabath,  Volckman  and  others 
for  putting  this  valuable  addition  to  practical  science  into  av^* 
able  form. 

Fig.  488  shows  a  single  pile  of  Faure  battery  o|)erating  a 
small  electric  motor.  Fig.  489  shows  the  method  of  combining 
the  plates.  Fig.  490  shows  a  battery  arranged  with  a  commu- 
tator for  combining  the  elements  for  tension  or  quantity. 
The  plates  are  of  pure  lead  foil,  liaving  a  width  of  7  inches, 
a  height  of  7^  inches,  with  an  car  projecting  from  the  top  1^ 
inches  wide  and  S  inches  high.  The  total  effective  surface 
on  both  sides  and  edges  of  each  plate  is  100  square  inches. 
These  secondary  elements  were  constructed  as  follows ; 

After  cutting  out  a  suiBcient  number  of  lead  plates,  piecea  cf ' 
Canton  flannel,  15  inches  long  and  7J  inches  wide,  were  cut,  to- 
gether witli  aa  many  sheets  of  blotting  paper,  7^  inches  square, 
as  there  were  lead  plates.  A  thick  paint  of  red  lead  was  then 
pre|Mired  by  mixing  the  dry  pigment  with  water  containing  one 
tenth  of  sulphuric  acid.  This  paint  had  a  consistency  of  paste, 
and  was  applied  thickly  to  one  side  of  the  sheet  of  lead.  The 
Cautou  flannel  having  been  painted  to  within  one  quarter  inch 
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pihe  lead.  The  lead  with  its  envelope  was  then  laid  upon  a  level 
hoard,  and  another  plate  was  prepared  in  the  same  manner  and 
placed  over  the  first,  with  an  intervening  layerof  blotting  jjaper, 
and  with  the  ear  placed  opposite  the  ear  of  the  first  Other  lead 
plates  were  added  in  the  same  wa^*,  with  the  interposed  sheet  of 
blotting  paper  aud  with  the  eara  alternating  in  position,  as  indi- 
ted in  fig.  489.  When  ten  plates  had  been  placed  together 
in  this  manner  they  were  clampcfl  together,  and  the  ears  were 
passed  through  a  slit  in  the  wooden  cover  of  the  containing  cell 
and  bent  down  upon  the  top  of  the  cover,  as  sliown  in  tig.  488. 
They  were  then  pierced  and  traversed  by  the  screw  of  a  binding 
post  which  enters  the  wwjd.  In  this  way  e-ach  pole  of  the  ele- 
ment was  furnished  with  a  binding  post,  and  at  the  same  time 

rarmly  secured  to  the  (X>ver.  The  cell  was  then  filled  with  acid- 
ulated water — water  10  parts,  sulphuric  acid  1  part — and  after 
tlie  cloth  and  blotting  paper  had  beconie  witumted  the  element 

nras  connected  with  a  dynamo  electric  machine.  One  element 
of  ten  plates,  after  receiving  the  current  from  the  dynamo  for 
ten  minutes,  operated  the  small  motor,  shown  in  fig.  488,  three 
hours,  and  another  ten  minutes'  application  of  the  current  from 
the  dynamo  charged  it  so  that  after  eighteen  hours  of  rest  it 
yielded  a  current  whieh  was  apparently  as  stnmg  as  when  it 
was  first  charged  on  the  previous  day;  but  a  time  test  proved 
that  it  was  incapable  of  running  the  motor  for  quite  so  long  a 

(ime  as  when  the  current  is  used  soon  after  storing. 
The  principal  element  of  the  Kabath  accumulator  is  shown 
in  fig.  491,  and  consists  of  two  series  of  lead  ribbons,  about  ^^ 
inch  thick  and  ^  inch  wide  ;  one  series  being  14  inches,  aud  the 
other  20  inches  long.  The  latter  are  passed  between  two 
grooved  cylinders,  where  they  are  rolled  and  corrugated  in  such 
a  way  that  their  length  is  re<luced  to  that  of  the  first  series.  A 
flat  and  corrugated  ribbon  are  then  superposed  alternately,  until 
a  group  of  190  bands  has  been  put  together,  having  a  total  width 
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of  8i  inches.  This  assemblage  is  then  enclosed  in  an  envelope' 
of  slieet  lead,  soldered  together  at  the  etlges  so  as  to  form  a 
sheath.  The  two  faces  of  this  envelope  are  pierced  with  round 
holes  i  inch  iu  diameter,  distributed  in  several  parallel  rows, 
and  ranged  in  groups  as  shown  in  the  ligure.  TKese  openings 
allow  the  liquid,  in  which  the  sections  are  immersed,  to  circolate 
freely.  At  the  ends,  the  two  lips  of  the  envelopes  are  broug^k 
together  and  soldered.  At  one  end  a  strip  of  lead  slightly  bent 
is  added  to  serve  as  a  rheophore.  This  constitutes  a  single  cell 
of  the  Kabath  accumulator  which,  when  finished,  preseato  tbe 


flfy.  491. 

appearance  of  a  plate  15  inches  long,  3J  inches  wide,  and  }  inch 
thick,  the  weiglit  being  about  2.2  lb.  The  strips  of  lead  are  liel 
close  together,  as  shown  at  the  left  hand  of  fig.  -^92,  but  iu  sacH 
a  way  that  the  corrugations  of  the  gauffered  ribbons  are  not  in 
the  least  flattened.  On  looking  through  the  circular  openings 
in  the  envelope,  light  can  be  seen  between  the  flat  and  serrated 
6tnp& 

Originally  these  cells  were  made  in  two  types  of  portAnfe] 
and  vertical  accumulators.  One  of  these,  the  laboraiorj^  { 
type,  fig.  493,  is  formed  of  six  cells  placed  in  a  glaal 
chamber,  the  whole  weighing  13  lbs. ;  the  other,  the  indusirial 
type,  is  shown  in  lig.  492,  which  indicate  the  collection  of 
elements  and  the  box  enclosing  them.  This  type  is  made  up  | 
of  twelve  colls  and  weighs  84  lbs.  Mr.  de  Kabath  bos  recently , 
given  up  these  forms  in  favor  of  an  open  trougli  type,  whicb 
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are  contained  in  rectangular  wooden  boxcii,  lined  inside  with 
hard  rubber,  geparated  from  the  wood  by  a  ihin  coat  of  insulating 
mastic  formed  of  arkanson  and  paraffine.  The  cells  are  placed 
edgewise,  as  shown  in  figs.  494  and  495,  parallel  to  each  other, 
their  flattened  enJs  ])assinj;;  between  vertical  strips  of  ebonite, 
vhich  act  as  guides. 


I  I\g.  492. 

This  latter  detail  is  advantageously  replaced  by  glass  plates, 
haviug  the  same  height  as  the  box,  and  proviJed  with  two 
grooveB.  These  plates  are  jilacwl  at  opposite  ends  of  the  box, 
and  receive  two  cells,  forming  a  couple.  Fig.  495  shows  such  a 
couple  between  the  two  glass  guides,  the  box  of  course  not  being 
indioated-  The  lead  rheopborcs  are  alternated,  and  are  soldered 
to  the  envelope  of  the  cells.    With  a  metal  of  higher  coaduc- 
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iitely  on  llio  side  of  tho  box.  This  collar  also  receives  the 
mducting  wire.  To  avoid  any  direct  pressure  of  the  screw  on 
jtlie  lead  strips  which  would  throw  them  out  of  shape,  a  small 
[copper  packing  piece  is  iatroduced,  on  which  the  end  of  the 


'-^^y 


Fiy,  43I>. 


compressing  screw  bears.     The  enclosing  troughs  are  furnished 

with  handles  (fig.  496)  for  convenience  of  transport  Two  types  of 

this  new  arrangement  are  in  use — a  .small  pattern  corresponding 

to  the  vertical  laboratory  type  described  above,  and  a  large  size 

Icorresponding  to  the  industrial  model.     A  third  and  larger  ^rpe 

PIS  now  being  mode.     The  two  former  are  of  tho  following  char- 

lacter: 


Laboratory  tjpe. 
ladaiuul  typa... 


W«i«bL 


Lb. 
13.3 
»6 


EImLtd 

motive        nesUtmnec. 

Pore*. 


VoltH. 
3.  a 
S.3 


Ohm. 
0.05 
0.05 


Price. 


nolUirs. 

6.0O 

16.00 


V     From  these  data  it  will  be  seen  that  the  intensity  of  the  cur* 
rent  furnished  by  tho  accumulator  with  a  closed  circuit  should 

»2  2 
be,  accorditig  to  Ohm's  law,  -tt^  =  44  ainpfires ;  but  it  is  evi- 
dent that  this  is  a  maximum  that  cannot  be  attained  in  doing  use- 
ful work,  since  it  assumes  the  absence  of  ex  terior  resistance.  It  is 
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known  thut  the  nuiximum  ufieful  e£^*t  is  obuiocd  wben  tti 

ejctemal  and  intertuU  circuits  have  the  same  reaistanca      In 

2.2 
this  case  the  intext^ily  of  the  current  would  lie  arnwjjiL  =  ^3 

ampdrea.    A  rate  of  15  to  17  amperes  may  therefore  bo  i 
for  average  work. 

This  description  of  the  Kahath  aooumulaiors  will  ohow  bow 
easily  they  may  be  tnni^rted  or  modiBcd,  when  one  or  eereral 
cells  require  to  be  replaced.  They  have  only  to  be  emptied  and 
the  rbeophures  detached  ;  each  cell  can  then  be  lifted  from  tbA_ 
guides,  and  handled  independent  of  the  adjoining  eelL 
will  be  Been,  moreover,  when  speaking  of  the  fonQotion  of  i 
accumulators,  that  facility  of  handling  is  not  the  only  advantagi^'? 
All  sefondary  baiteriea  derived  from  the  Planl^  type  differ  from 
each  other  only  in  the  detaiU  of  their  ci>h-  The 

ciple  is  the  same,  aud  also  the  manner  \n  v  i>:;  electro  I 

tive  force  is  produced,  einoe  the  latter  depends  solely  on 
same  chemical  action. 

In  making  an  accumulator,  after  the  parts  have   \*ccti  pat 
together^  the  next  process  U  to  fonu  it,  that  ia,  to  produce  the 
deposit  of  oxide  of  Icad^  which  gives  the  poUrtzing  quality  J 
t>:)  the  battery,  and  enables  it  to  furnish  a  secondary  cunvuL 
the  Kabaih  and  Plaute  batteries  this  is  done  by  the  electric  cur- 
rent alone.     To  form  a  battery,  a  g\asa  or  stoneware  vessel  i»\ 
filled  with  distilled  water,  to  which  one  tenth  of  sulpharic  acid,' 
quite  free  from  iron  and  arsenic,  is  added.  Wlicucold,  this  mix- 
ture is  poured  into  the  troughs  containing  the  battery,  to  within 
a  small  distance  of  the  e<lge,  thus  submerging  the  ceUa 

Formation  is  effected  sIowl3',  and  in  sach  a  way  that  the  oxid»1 
may  atlhere  as  firmly  as  possible:  The  process  ia  kept  up  for  | 
several  days,  the  d!n*ction  of  the  current  kept  flowing  ihroogh 
the  battery  being  sometimes  reversed,  and  the  batiery  alao  beti^j 
allowed  to  discharge.  In  this  manner  the  lead  strips  are  ihor  j 
oughly  attacked,  the  oxidation  penetiadng  to  tV 

lhiokn«a&   Despite  this  relatively  great  oxidaiioi..  

of  lead  are  not  readily  injured  by  long  use,  and  a  cell  caa  bej 
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easily  removed  and  replaced.  There  are  no  inoana  of  knowing 
with  exuctitudo  at  what  moment  the  batlerj  is  corapletely 
formed.  Theoretically,  the  process  should  be  complete  when 
the  whole  mass  of  lead  plate  has  been  equally  attacked.  Prac- 
tieally^  it  is  finished  when  the  chemical  action  has  been  carried 
Bo  far  that  the  Bolidity  and  cohesion  of  the  lead  ribbons  are 
within  narrow  limits  of  being  compromised.    Charging  an  accu- 


ki 


I 
I 


/Stf.  496. 


mulator  is  only  a  repetition  of  a  part  of  the  forming  process,  since 
it  is  efitcctcd  in  the  saiao  way,  and  repToduc<>s  the  effect  of  the 
preceding  pha.se. 

All  sources  of  direct  currents  are  suitable  for  charging 
secondary  batteries;  it  is  only  necessary  that  they  should  bo 
constant  and  economical  and  have  sufficient  electromotive  force. 
But  dynamo  electric  generators  with  separate  excitators  are  the 
best  for  the  puqjose,  because  the  direction  of  their  current  varies 
only  with  that  of  rotation,  which  is  a  favorable  condition  to  avoid 
cliangtng  the  poles  during  charging.  Generally,  however,  self- 
exciting  dynamo  machines  are  used,  such  as  the  workshop  tyi>c 
of  the  Gramme  generator.  These  machines  are  employed  at 
Kabath's  factory.  Each  generator  is  driven  at  a  speed  of  800 
revolutions  per  min\ite,  and  produces  sufficient  current  to  charge 
thirty  accumulators,  arrange<l  in  tlirco  series  of  ten  each.  This 
arrangement  retjuirea  very  attentive  watching,  because  if  any 
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accident  occurred  to  reduce  the  electro  motive  force  of  the  gener- 
ator,.the  current  might  be  reversed,  and  the  accumulators  would 
discharge  into  the  generator,  resulting  in  a  Joss  of  work,  heating, 
and  the  danger  of  burning  the  conductors.  To  avoid  the  evils 
of  such  an  accident,  Kabath  has  devised  an  automatic  breaker, 
to  open  the  circuit  whenever  the  generator  current  falls  below  a 
certain  electro  motive  force. 

A  question  of  great  inter^t  in  connection  with  the  electric  ac- 
cumulator is  that  of  its  permanence.  A  fear  has  been  expressed 
by  many  that  local  action  would  soon  destroy  the  fabric  of  which 
it  is  composed,  and  that  the  active  surfaces  would  become  coated 
with  sulphate  of  lead,  preventing  furUier  action.  It  has,  how- 
ever, lately  been  proved  by  scientific  investigation  that  the  ac* 
tion  of  the  secondary  battery  depends  essentially  upon  the  alter- 
native composition  and  decomposition  of  sulphate  of  lead,  which 
is  therefore  not  an  enemy  of,  but  the  best  friend  to,  its  continued 
action.  The  action  of  the  battery  depends  simply  upon  the  de* 
composition  of  the  coating  of  sulphate  of  lead,  so  that,  com- 
mencing with  sulphate  of  lead  on  both  surfaces,  this  is  on  the 
one  hand  changed  into  metallic  lead,  and  on  the  other  hand  into 
peroxide ;  by  the  action  of  the  battery  in  producing  ix>wer  it  is 
changed  back  into  its  original  condition  ;  and  there  is  no  aprwri 
reason  why  such  a  battery  should  not  be  available  for  use  for  a 
very  long  time.  Of  course  it  cannot  be  expected  that  as  much 
effective  power  can  be  got  out  of  it  as  is  put  in.  Precisely  what 
the  loss  is,  those  who  are  in  the  best  position  to  know  are  not 
prepared  to  say,  but  certainly  it  is  not  of  such  serious  import 
as  lo  prevent  the  practical  use  of  these  secondary  batteries 
for  many  useful  purposes. 


CHAPTER    X. 

ELECTRICAL   HEASUSEHBNT. 

An  essential  step  in  the  direction  of  learning  any  branch  of 
physical  science  is  to  find  principles  of  numerical  reckoning,  and 
methods  for  practically  measuring  some  quality  connected  there- 
with. The  first  step  toward  numerical  reckoning  of  properties  of 
matter,  is  the  discovery  of  a  continuously  varying  action  of  some 
kind,  and  the  means  of  definitely  observing  it  and  measuring  it 
in  terms  of  some  arbitrary  unit  or  scale  division.  But  to  com- 
plete the  science  of  measurement  in  any  department,  and  espe- 
cially in  that  of  electricity,  it  is  necessary  to  fix  on  something 
absolutely  definite  as  the  unit  of  reckoning. 

UNITS   OF  MEASUREMENT. 

Cavendish  and  Coulomb,  in  the  last  century,  furnished  the 
requisite  foundation  for  a  complete  system  of  electric  and  mag- 
netic measurement ;  but  the  first  complete  method  of  scientific 
measurement  was  that  of  Grauss,  in  his  system  of  absolute  meas- 
urement for  terrestrial  magnetism,  which  gave  the  starting  im> 
pulse  for  the  whole  system  of  absolute  measurement  as  it  exists 
to-day  throughout  the  range  of  electric  science. 

Gauss'  principle  of  absolute  measurement  for  electricity  and 
magnetism,  is  merely  an  extension  of  the  astronomers'  method 
of  reckoning  mass  in  terms  of  the  universal  gravitation  .unit  of 
matter ;  and  of  the  reckoning  of  force  adopted  by  astronomers, 
in  common  with  all  workers  in  mathematical  dynamics,  accord- 
ing to  which  the  unit  of  force  is  that  force  which,  acting  on  a 
unit  of  mass  for  a  unit  of  time,  generates  a  velocity  equal  to  the 
unit  of  velocity.  It  leaves  the  units  of  mass,  space  and  time  to 
be  assumed  arbitrarily. 

As  early  as  1851,  Sir  "William  Thomson  began  using  the  ab- 
solute system  in  the  reckoning  of  electro  motive  forces  of  voltaic 
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cells,  and  the  electric  resistance  of  oondnctors,  in  electro  mag- 
netic units ;  and  after  advocating  the  general  oae  of  the  afaaolate 
system  for  ten  years,  obtained  the  af^xnntment  of  a  c(»nmittee 
of  the  British  Associaticm  on  electrical  standards,  which,  in  18^, 
launched  the  absolnte  system  for  general  use,  with  arrangements 
for  the  supply  of  standards  for  resistance  caHs  in  terms  of  a  unit, 
first  called  the  British  Association  unit,  and  afterwanl  the  ohm ; 
of  which  the  resistance  reckoned  in  electro  magnetic  measure  was 
to  be,  as  nearly  as  possible,  ten  thousand  kilometres  per  second. 
In  1861,  Sir  Charles  Bright  and  I^timer  Clark  conunanicated  a 
paper  to  the  British  Association,  in  which  the  names  that  are 
now  in  use — ohms,  volts,  farads  and  micro-faiads — were  sug- 
gested, together  with  a  complete  continuous  system  of  measure 
ment,  which,  while  it  did  not  fulfil  all  the  conditions  of  the  ab> 
solute  system,  fulfilled  some  of  them  in  an  exceedingly  nsefnl 
manner  for  practical  purposes.  Since  1871,  the  absolute  system 
has  been  in  general  use  in  the  United  States  and  Great  Britain, 
but  it  was  ten  years  later  before  its  definitive  practical  adoption 
by  France,  Germany  and  the  other  continental  conntriea  U 
Europe  in  conformrty  with  the  decree  of  the  international  con- 
ference for  the  determination  of  electric  units,  held  at  Paris  in 
October,  1881.  The  decision  adopted  was,  not  to  take  the 
British  Association  unit,  whose  accuracy  was  the  subject  of  well 
founded  doubt,  but  that  as  soon  as  good  evidence  is  given  of  a 
sufficiently  near  measurement  for  practical  purposes  of  the  resist- 
ance of  any  conductor,  then  the  unit  which  the  British  Associa- 
tion had  aimed  at  would  be  adopted ;  but  it  was  to  be  left  to  the 
judgment  and  convenience  of  the  users  of  standards  when  to 
make  the  change,  should  a  change  be  necessary,  from  the  British 
Association  unit — the  ohm— or  from  the  Siemens  unit — the  re- 
sistance of  a  column  of  mercury  at  zero  temperature,  a  metre  in 
length  and  a  square  millimetre  in  section — in  order  to  bring  the 
measurement  into  more  close  agreement  with  the  absolute  reck- 
oning. 

FUNDAMENTAL   UNITS. 

For  mechanical  and  electrical  measurements,  the  centimetre, 
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the  gramme  and  the  second  have  been  adopted  as  the  funda- 
mental units  of  length  (L],  mass  (M),  and  time  (T),  respectively ; 
whence  they,  and  thu  units  derived  from  them,  are  called  for 
brevity  the  G.  G.  S.  system  of  absolute  unita  The  intimate 
relation  which  exists  between  the  centimetre  and  the  gramme — 
the  latter  being  the  weight  of  a  cubic  oentimetre  of  distilled 
water  at  the  temperature  of  its  maximum  density,  viz.,  4*  Centi- 
grade—is  a  peculiar  advantage  of  these  unita 

^^H  UKUIVED    UNITS. 

■  To  quantities  of  different  kinds  separate  units  are  respectively 

■  assigned.     The  numerical  value  of  any  concrete  quantity  is  the 
W  ratio  it  bears  to  the  unit  of  its  kind.     A  unit  of  one  kind  of 

quantity  is  sometimes  defined  by  reference  to  a  unit  of  another 
kind  of  quantity,  and  still   more  frequently  by  reference  to  two 

Por  more  units  of  other  kinds.  The  units  thus  detined  are  cidted 
derived  units,  and  the  practical  advantage  of  emplojnng  such 
units  is,  that  they  are  more  convenient  for  calculation  than 
_  independent  units  would  be,  because  they  avoid  the  introduction 
H  of  additional  factors,  which  would  involve  needless  labor  in 
Koftilcalating  and  diificuUy  in  remembering.  The  derived  me- 
"ehanical  and  electro  magnetic  units  are  the  only  ones  we  shall 
have  occasion  to  descriV>e  here. 


r 


DERIVED   MECHANICAL   UNm 

The  C.  G.  S.  unit  of  velocity  (V)  is  the  velocity  of  a  body 
which  passes  over  a  centimetre  in  a  seoond,  and  in  fundamental 
unita  it  is,  therefore,  equal  to 

_L_ 
T 

Momentum  or  quantity  of  motion  of  a  body  is  defined  as  the 
product  of  its  mass  into  its  velocity,  hence  its  value  is 


MX  ^ 


T  ■ 


The  unit  of  force  (F)  is  that  force  which,  acting  on  a  gramme 
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of  matter  for  a  second,  generates  a  velocity  of  one  centimetre  i 
second.  This  unit  is  named  the  dyne.  Since  a  force  is  measared 
by  the  momentum  which  it  generates  per  unit  of  time,  and  n 
therefore  the  quotient  of  momentum  divided  by  time,  the  value 
of  the  dyne  in  f  uadamental  units  is 

ML  ML 

T   "^  *  —   X* 

Work  ia  the  product  of  the  intensity  of  the  force  by  the  dis-  ^ 
tauce  through  which  it  operates.     The  unit  of  work  is  called  the 
er^.     It  is  the  work  done  by  a  dyne  in  passing  through  the  dis- 
tance of  a  centimetre.     Being  the  product  of  force  aad  distano^ 
it  is  equal  to 

ML  _   ML' 

^,   X    L  —    T"  * 

The  C.  G.  S.  unit  of  energy  is  alao  the  erg,  energy 
measured  by  the  amount  of  work  done. 


PRACTICAL   MECHANICAL   tTNITSw 

The  C.  G.  S,  unit  of  power  is  that  power  which  does  work  at 
the  rate  of  one  erg  per  second.  For  practical  work  this  unit  is  too 
small,  as  it  necessitates  the  use  of  inoonveniently  lat^e  numbers. 
The  kilogrammetre,  for  example,  is  equal  to  98,000,000  ergs, 
and  the  gramme-centimetre  is  equal  to  980  ergs.  A  second  unit» 
equal  to  one  million  ergs,  is  therefore  employed.  This  unit  ia 
called  the  meg-erg. 

The  horse  power  is  still  generally  employed  as  the  practical 
unit  of  work,  although  it  docs  not  harmonize  with  the  C.  G.  &^ 
system.  It  is  equal  to  33,000  foot  pounds  |)er  rainute,  or  650 
foot  pounds  per  second ;  the  foot  pound  being  equal  to  one 
pound  raised  to  a  height  of  one  foot.  In  CX  G.  S.  units  the  foot 
pound  is  equal  to  13.556,000  ergs,  and  the  horse  power  to 
7,455,600,000  ergs.  The  horse  power  is  equal,  also,  to  76  kilo-J 
gram  metres  per  second. 
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According  to  the  definition  of  the  dyne  it  will  be  seen  that 
taking  p  as  the  weight  of  a  gramme,  and  g  the  acceleration  of 

p        dyne, 
gravity,  then  —  =  - — — .     The  weight  of  the  gramme  is  thus 

9  1 

equal  to  g  dynes,  and  as  the  value  of  g  at  any  part  of  the  earth's 

surface  is  about  980  centimetres  per  second,  it  is  equal  to  980 

dynesL     To  obtain  an  exact  result,  the  value  of  g  at  the  station 

where  the  calculations  are  made  must,  of  course,  be  actually 

ascertained. 

TABLES   OF    DIMENSIONS  AND  OTHER   CONSTANTS. 

Fundamental    Units. 


Unit  of 

Srmbol. 

Name  of  Unit. 

L 
M 
T 

U.M                          

Qnmme. 

Second. 

Derived  Mechanical  Units. 

Unit  of 


Velodtj , 

Momenttun 

Force. 

WoriE  and  energj 
Power , 


Name. 

symbol. 



V 

Dyne. 

F 

Erg. 

W 

Erg,  pir  Maul. 

Dimenslotts 
of  Unit. 


L-5-T 
ML-^T 
ML^T* 
ML*  -^  T« 

ML"^T 


Practical  Mechanical  Units. 


Name  of  Unit. 


Meg-«» 

Gramme-centiinetre 
Kilogramme-metre. 

Footpound 

Hone  power 


Dimensions  of  Unit. 


lO'Ergg. 

980.     " 

9.S  X  10*  Ergs. 

1.3566  X  lO^Ergs. 

7.466    X  10»     " 
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Heat  Units, 

The  heat  units  based  on  the  C.  G.  S.  fiyBtcm  are  the  d(^ 
which  ineasares  temperature,  and  the  gramme  d^ree,  which  is 
the  qnaotity  of  heat  necessary  to  raise  one  gramme  of  water 
from  zero  to  one  degree  centigrade  Tlie  hitler  unit  is  etju 
41624  X  XO'eigSL 

DERIVED   ELECTRO   KAGNETIO    UMTS. 

The  electrical  units,  which  are  based  on  purely  meohamadJ 
raeaaurementa,  have  been  determined  from  the  natural  relfttioo 
existing  between  the  various  electrical  quantities,  and  between 
these  and  the  fundamental  unita.  The  electrical  phenomena 
susceptible  of  measurement  are  four  in  number,  vi7. :  electro 
motive  force  (E) ;  current  (C) ;  quantity  (Q) ;  and  resistaooe 
(R).  The  immediate  force  producing  a  current,  or,  in  otiff 
words,  causing  a  transfer  of  dectncity,  is  called  electro  noDTe 
force.  Whenever  electro  motive  force  exists  between  two  points 
of  a  conductor,  those  points  are  said  to  be  at  different  poten- 
tials. 

A  difference  of  potential  cannot  exist  in  a  conductor  wilhootJ 
effecting  work  or  its  equivalent;  a  weight  maybe  raised,  th«' 
conductor  become  heated,  chemical  decomposidon  effected,  or 
soft  iron  magnetize<1.     These  effects  are  said  to  be  due  to  u  cnr 
rent  of  electricity  in  the  conductor,  and  are  proportional  to  it* 
BtrengtK 

The  quantity  of  electricity  conveyed  by  any  given  current  M 
simply  proportional  to  the  strength  of  the  current  and  lo  tlie  ^ 
time  {t)  during  which  it  flow& 

When  the  electro  motive  force  between  two  points  of  a  dr- 
cuit  remains  constant,  the  amount  of  work  done  is  altere'l  ^^ 
modifying  the  material  and  form  of  the  conductor,  or,  in  othff 
words,  currents  of  different  magnitudes  are  produced  The 
quality  of  a  conductor,  in  virtue  of  which  it  prevents  the  pff" 
formance  of  more  than  a  certain  amount  of  work  in  a  giveD 
time  by  a  given  electro  motive  force,  is  called  resistance 

The   relations   of  these  phenomena  one  to  another  and  toj 
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force  and  work  were  determined  experimentally,  independently 
of  the  present  units,  and  are  as  follows : 
First,  by  Ohm's  law,  we  have  the  equation 

E 
0=-R W 

From  this  it  follows  that  the  unit  electro  motive  force  produces 
the  unit  current  in  a  circuit  of  unit  resistanca 
Second,  by  Faraday's  proof 

Q  =  ct (2)' 

and  from  this  equation  it  follows  that  the  unit  quantity  is  the 
quantity  conveyed  by  unit  current  in  unit  tima 

Our  knowledge  of  electricity  is  derived  from  the  mechanical, 
chemical  and  thermal  effects  which  it  produces.  The  connec- 
tion between  electrical  magnitudes  and  mechanical  work  was 
determined  by  Joule,   and,   in   mathematical   language,  is  as 

follows : 

w  =  c»  Rt (3) 

where  W  equals  the  work  equivalent  to  all  the  effects  produced 
in  the  circuit     From  this  equation  it  follows  that  the  unit  cur- 
_  rent  flowing  for  a  unit  of  time  through  a  circuit  of  unit  resist- 
ance will  perform  a  unit  of  work  or  its  equivalent 

The  force  exerted  on  the  pole  of  a  magnet  by  a  current  in  its 
neighborhood  is  a  purely  mechanical  one.  This  force  (/)  is  pro- 
portional to  the  magnetic  strength  (m)  of  the  pole  of  the  magnet, 
and  to  the  strength  of  the  current ;  and  if  the  conductor  be  bent 
in  a  circle  of  the  radius  (k)  roujid  the  pole,  the  force  is  propor- 
tional to  the  length  of  the  conductor  (L) ;  it  is  also  inversely 
proportional  to  the  square  of  the  distance  (A)  of  the  pole  from 
the  conductor.     Hence  we  have 

CLm 
/=-T^ W 

From  this  equation  it  follows  that  the  unit  length  of  the  unit 
current  will  produce  the  unit  force  at  the  unit  distance. 

From  these  four  equations  were  determined  the  values  o£  the 
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four  electrical  units  in  terms  of  IJ,  M  and  T.  It  will  be  seen 
that  in  the  fundamental  equation  (4\  besides  the  measurement 
of  time,  space  and  mass,  a  fourth  measurement  (m)  of  a  mag- 
netic pole  is  required ;  but  this  measurement  is  itself  made  in 
terms  of  the  mechanical  units,  for  the  unit  pole  is  simply  that 
which  repels  another  unit  pole  at  unit  distance  with  unit  forca 
Chemical  and  thermal  efEects  are  also  measured  by  the  unit  of 
work. 

The  dimensions  of  the  unit  pole  are 

L\    Ml 

— T~ (6) 

By  substituting  this  value  for  (m)  in  equation  (4)  the  value  of 
(C),  the  unit  current  is  found  to  be 

Li  Mi 
C  =  ~f~ (6) 

From  equations  (1)  and  (3)  we  can  deduce  the  relation 
w  =  c  E  ( (:) 

whence  E  =  -^ (8) 

From  equations  (6)  and  (S)  and  the  dimensions  of  W  in  fun- 
damental units,  the  value  of  E  is  found  to  be 


lI  Mi 
E=   -ft- (9) 


From  equation  (1) 


H  =  4 


The  dimensions  of  {R)  are  found  by  comparing  those  of  (E)  and 
(C)  to  be 

R  =  ^ (10) 

or  those  of  a  simple  volooity. 

Thus  an  intimate  relation  exists  between  the  mechanical  and 
electrical  units,  vrhich  realizes  the  advantages  of  derived  units 
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to  which  we  have  called  attention,  and  furthermore,  in  one 
sense,  these  units  are  independent  of  any  values  that  may  be 
assigned  to  them. 

The  two  units  of  electro  motive  force  and  of  resistance,  ex- 
pressed by  the  C.  G.  S.  system,  would  have  too  small  a  value  for 
ordinary  purposes.  The  unit  of  electro  motive  force,  therefore, 
is  practically  expressed  in  one  hundred  millions  of  C.  G.  S. 
units  of  electro  motive  force,  or  10*  and  the  unit  of  resistance  in 
one  thousand  millions  of  C.  G.  Si  units,  or  10*.  As  the  three 
quantities,  electro  motive  force,  resistance,  and  current,  are 
connected  together  by  the  simple  law  which  is  expressed  as 
follows, 

Electro  motiTe  force       10" 

Current  = — —  =  — 

Besiatance  10* 

the  practical  unit  of  current  is  evidently  equal  to  one-tenth  of 
the  absolute  unit  of  current  or  10"'. 

The  practical  unit  of  quantity,  which  is  plainly  the  quantity 
of  electricity  given  by  a  practical  unit  of  current  in  unit  time,  is 
equal  to  one  tenth  of  the  C.  G.  S.  unit  of  quantity  or  10"^ 
The  practical  unit  of  electro  motive  force  is  called  a  volt 
"  "  "     "  resistance  "      "      an  ohm. 

"  *'  "     "  current  "      "      an  ampere. 

"  '•'  "     "  quantity  "      "      a  coulomb. 

The  capacity  of  a  condenser  which  holds  one  coulomb  when 
charged  to  a  potential  of  one  volt  is  called  a  farad  (K).  The 
farad  is  thus  the  practical  unit  of  capacity  and  its  value  is 

10-*  , 

Farad=.  -j^  =10-'  C.  G.  S.  units  of  capacity. 

=  L~*  T-'  in  fundomcDtal  units.    • 

Standard  practical  units  of  resistance  and  of  capacity  have 
been  constructed.  Standards  of  intensity — strength  of  current 
— have  not  yet  been  made ;  but  the  values  may  be  closely  ascer- 
tained by  graduated  apparatus,  such  as  the  tangent  galvano- 
meter, or  the  electro-dynamometer.  The  intensity  of  a  current 
is  also  readily  measured  by  the  chemical  action  which  it  is  cap- 
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able  of  producing.  Tiie  intensity  of  a  current  is  the  same  i 
points  of  the  circuit  which  it  traverses,  and  the  chemical  aotiou 
is  proportional  to  the  intenaity.  The  approximate  measure  of 
the  ampere  la  the  intensity  capable  of  precipitating  4  grammes 
of  silver  yier  hour,  or  1.19  grammes  of  copper,  or  1.23  grammes 
of  zinc,  or  of  decomposing  -09378  grammes  of  water  per  sec- 
ond. Current  and  resistance  being  kiiown,  electro  motive  force  is 
readily  calculated 

For  defining  quantities  multiplied  or  divided  by  one  miUioo, 
the  prefixes  mega  and  micro  are  used  (the  meg-erg  already 
described  is  an  example),  so  that  a  meg-ohm  stands  for  one  mil- 
lion ohms  and  a  micro-farad  denotes  one  millionth  ])art  of  a  famd. 
Thus  the  sign  10*  would  represent  the  prefix  m^a,  and  the  sign 
10*»  the  prefix  micro ;   or  1.000,000  and  -000001  respectively. 

In  the  practical  application  of  these  units  the  principle  of 
the  conservation  of  energy',  which  controls  all  problems  in 
the  measurement  of  force,  is  an  element  of  great  importance. 
The  word  enei^  is  applicable  to  all  physical  manifeatatiooa 
ConscrvalioD  results  from  the  important  fact  that  energy, 
expended  in  any  form,  is  always  to  be  found  integrally  in  some 
other  form  of  work. 

Potential,  in  mechanics,  means  the  power  of  doing  work ;  the 
electrical  potential  of  any  puiul  iu  a  body,  or  in  space,  is  detined 
as  the  quantity  of  work  done  in  bringing  unit  electrification 
from  an  infinite  distance  up  to  that  point  Thus  the  potential 
at  A  may  be  different  from  that  at  6.  If  A  be  of  higher  poten- 
tial than  B,  then,  on  connecting  them  by  a  conductor,  a  current 
will  flow  from  A  to  B,  and  continue  until  the  poteotlala  are 
equalized.  There  is  an  analogy  to  this  in  the  flow  of  water 
through  pipes,  where  the  diiference  of  level  corresponds  to  « 
di^erenoe  of  potential ;  this  difference  of  level  produces  a  hydro- 
static pressure  which  corresponds  to  electro  motive  force ;  when 
the  tap  is  turned,  the  water  flows  out ;  that  represents  the  cur- 
rent Wlierever  there  is  a  difference  of  potential,  there  is  elec- 
tro motive  force,  and  on  completing  the  circuit, — the  analogue 
of  opening  the  tap, — a  current  will  be  established. 


I 


I 


The  terms  electro  moUve  force  and  difference  of  potential 
are  thus  nut  exactly  syDonymous,  and  it  is  useful  to  ilistin- 
guisli  between  tliem. 

No  standard  of  electro  motive  force  has  yet  been  devised :  the 
^ectro  motive  force  of  a  Baniell  ckU,  however,  is  an  approxima- 
turn  to  tlie  volt  AciconJing  to  Siemens  it  is  1.106  volts  and 
according  to  Latimer  Clark  1.079  volta  The  latter  figure  is 
most  generally  adopteil. 

At  the  General  Post  Office,  in  London,  a  standard  cell  has 
been  adopted,  consisting  of  a  Daniell's  element,  arranged  as 
shown  in  iig.  497,  consistiDg  of  three  chambera     In  the  left 


i 


i 


>"ty.  497. 

hand  chajn1)er  is  placed  a  zinc  plate,  X,  immersed  in  wat*^r,  and 
in  the  right  hand  chamber  a  Hat  porous  pot,  C,  containing  a 
oopper  plate  and  crystals  of  sulphate  of  copper,  the  pot  being 
kept  immersed  in  water.  These  two  chambers  are  culled  idle 
oeUs,  as  the  zinc  antl  porous  pot  are  only  kept  in  them  when 
the  cell  is  not  in  use.  The  centre  chamber  contains  a  semi- 
saturated  solution  of  sulphate  of  zinc,  and  a  piece  of  zinc  rod,  z, 
the  latter  lying  in  u  small  compartment  at  the  bottom  of  the 
chamber.  When  the  cell  is  required  for  use^  the  zinc  plate  and 
the  porous  pot  and  its  contents  are  removed  fi'om  their  idle  cells 
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and  placed  in  the  centre  chamber ;  the  cell  is  then  ready  for 
work.  When  the  cell  is  no  longer  required  for  use,  the  zinc 
plate  and  porous  pot  are  again  placed  in  their  respective  idle 
chambers,  and  while  the  cell  is  at  rest  any  sulphate  of  copper 
solution  which  may  have  become  mingled  with  the  sulphate  of 
zinc  solution  in  the  centre  chamber  will  be  decomposed  and  the 
copper  deposited  on  the  zinc  rod,  thus  keeping  the  solution  al- 
ways clear. 

When  in  thoroughly  good  condition  (assuming  Clark's  figure 
to  be  correct,  as  it  is  most  generally  taken),  the  foregoing  cell  has 
an  electro  motive  force  of  1.079  volts,  but  if  it  is  in  daily  use  the 
power  is  practically  a  little  less  than  this,  so  in  the  post  office 
the  value  is  assumed  to  be  1.070  as  being  generally  nearer  the 
mark.  If  care  be  taken  to  keep  the  zinc  plate  clean,  and  the 
sulphate  of  zinc  solution  not  too  nearly  saturated,  say  under  20 
deg.  Baume,  1.079  may  be  taken  as  correct. 

A  cell  whose  electro  motive  force  is  even  more  constant  than 
that  of  the  Daniell  is  extensively  used  as  a  standard  in  the . 
United  States.  This  cell,  which  was  devised  by  Latimer  Clark, 
and  bears  his  name,  is  compased  of  pure  mercury,  on  which 
floats  a  paste  of  mercurious  sulphate,  a  plate  of  zinc  resting  on 
the  paste.  Contact  with  the  mercury,  which  acts  as  the  positive 
pole,  is  made  with  a  platinum  wire.  The  electro  motive  force  is 
1.467  volts. 

The  resistance  of  a  circuit  to  the  passage  of  an  electric  current 
varies  directly  as  its  length  and  inversely  as  its  cross*  section. 
The  ohm  is  represented  approximately  by  the  resistance  of  a 
galvanized  iron  wire,  100  metres  in  length  and  4  millimetres  in  4 
diameter,  or  by  a  column  of  mercury  1.05  metres  long  and  one 
square  millimetre  section,  or  again  by  48  metres  of  pure  copper 
wire,  1  millimetre  in  diameter,  at  the  temperature  of  sseio,  Centi- 
grade. Standard  resistances  are  made  of  silver  platinum  wire, 
the  coils  of  which  are  separated  from  each  other  by  sheets  of 
hard  rubber  pierced  with  holes,  the  insulation  being  effected  by 
the  air.  The  colls  thus  composed  are  placed  in  a  cylindrical 
box  made  from  two  copper  capsules  stamped  out  of  the  solid 
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metal  and  screwed  into  each  other ;  this  apparatus  can  be  sub- 
merged in  water  without  detriment 

In  a  circuit  of  one  ohm  resistance,  whose  ends  diSer  in  poten- 
tial by  one  volt,  the  intensity  of  the  current  which  flows  is  equal 
to  one  ampere.     In  any  circuit  the  intensity  of  the  current  is 

TOltS 

Amperes  = 

obms: 

The  coulomb  is  the  quantity  of  electricity  given  by  an  ampere 
in  a  second.  The  quantity  will  also  depend  upon  the  electro 
motive  force  and  the  capacity  of  the  body  for  holding  or  ac- 
cumulating electricity,  hence 

Coulombs  =  farads  X  Tolts. 

Capadty  is  defined  by  the  relation 

coulombs 

Farads  =:  — 

volts. 
and  hence 

coulomb 
Unit  of  capadty  (the  farad)  = 


volt 


The  farad  is  rather  large,  and  consequently  the  microfarad  \b 
preferred  for  practical  measurements  of  capacity.  The  micro- 
farad is  therefore  10"  ^^  C.  G.  S.  units  of  capacity. 

The  watt  is  now  generally  employed  as  the  practical  unit  of 
electrical  power.  It  is  the  power  conveyed  by  a  current  of  one 
ampere  in  one  second  through  a  conductor  whose  ends  differ  in 
potential  by  one  volt     In  other  words, 

Current  X  electro  motive  force  =  watta. 

A  watt  is  equal  to  10'  absolute  units  of  work  or  ergs. 

The  joule  is  the  practical  electrical  unit  of  heat  or  work, 
being  the  heat  generated  by  an  electro  motive  force  of  one  volt 
in  a  circuit  of  one  ohm  resistance ;  or  in  other  words,  the  heat 
generated  by  a  watt  in  a  second.    It  is  equal  to  10'  ergs. 

It  is  advocated  in  the  C.  Q,  S.  system  of  practical  units  to  ex- 
press each  number  as  the  product  of  two  factors,  one  of  them 
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being  a  power  of  10 ;  and  also  to  effect  ibis  in  such  a  way  that 
the  exponent  of  the  power  of  10  shall  be  the  characteristic  of  the 
logarithm  of  the  number.  Thus:  1,280,000  would  be  written 
as  l.28xlO«,  and  000,128  38  1.28x10-*. 

Following  is  a  tjible  of  the  electro  magnetic  units  as  given 
above,  together  with  the  formulae  of  the  magnetic  and  electro 
static  system  of  units. 


Electro  Magnettc  System  of  UnUa. 


Name  of  QtwnUtjr. 


Quantity  of  electricity 

Strength  of  tho  electrio  currant 

Klectro  motive  force 

Rosititance  of  conductor 

Capacity 


{Radical  Units. 


OlmcastoBa 
of  Ualta. 


Ualiof 

KaiD«. 

Nnmborof 

UnlU  In 

0d»  Prwti- 

eol  Cnlt. 

iMtaUUotoa  of  Units. 

Bteciro  motive  Force 

Toll 

Ampere. . 
Ooulomb. , 
Farad. . . . 

Watt .... 

Joule.. .  ■ . 

10» 

10- 
10-' 

i(r' 

10-' 
10» 

[  RoBistanoe  of  a  oolumo  ormereurf 
<      10  8q.- millimetre  MctSon  and  106 
(     ceoUmetreN  long. 

Nearly  that  ofu  Daiitell  cell. 

Current  oT  a  volt  through  an  ohm. 

An  ampere  for  a  aeoond. 

Unit  quaotiiy  at  unit  potenUal. 
(  Power  conveyed  by  an  amp^  in  a 
I     lecoDd  through  a  volL 

Heat  genenoed  by  a  watt  Id  a  noond. 

ELECTBICAL  WOBK. 
Derived  Magnetic  Unitit. 
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Nihm  of  QoanUtT. 

STmbol. 

DlnMndoiu 
ofViUu. 

Ml* 
I 

L»M*T-' 

I^M*T-' 

L-*M*T-' 

Electro  Static  System  of  Units. 


Nmd*  of  Qnuitltr. 


Qiuntity  of  electrict^ 

Strength  of  electric  current 

Electro  motive  force 

Resiitaace  of  conductor. . . , 
CKfUity 


Symbol. 


q 

c 

e 
r 
k 


I>im*niioiu 
of  Unit. 


LiM*r-' 

L 


I    ValoelD 

Electro-Uu- 

DeticUnlta. 


tO 
E-f-T« 

S-J-T» 


*  1  —  len^b  bfttweeo  pole*. 

t  T— 8-f-10"ceQtlroetreii  per  aocond  approxlmatelj,  and  Is  the  ndo  of  tha  eleetro 
magiMtlc  to  tbe  aloctro  •tatic  anlt  of  qaantlty. 


ELSCTRICAL    WORK. 

An  electric  current  may  be  employed  to  do  work  of  various 
kinds — chemical,  magnetic,  mechanical  and  thermal ;  and  in 
every  case  where  it  does  work  it  is  done  by  the  expenditure 
of  a  portion  of  the  energy  of  the  current  Ohm's  law  shows 
that  the  current  produced  by  a  given  electro  motive  force  is 
diminished  in  strength  by  anything  that  increases  the  resistance 
of  the  circuit;  but  the  strength  of  the  current  may  also  be 
diminished,  in  certain  cases,  by  another  cause,  namely,  the  set- 
ting up  of  an  opposing  electro  motive  force  in  the  circuit.  Thus, 
in  passing  a  current  through  a  voltameter,  there  is  not  only  a 
diminution  due  to  the  resistance  of  the  voltameter  itself,  but 
also  a  further  diminution  due  to  the  opposing  electro  motive 
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force — commonly  referred  to  as  polarization — which  is  gener- 
ated, while  the  chemical  work  is  l)eing  done.  So,  again,  where 
a  current  is  used  to  drive  an  electro  dynamic  motor,  the  rotaiioa 
of  the  motor  will  itself  generate  a  counter  current,  which  will 
diminish  the  strength  of  tlie  working  current  Whatever  cur- 
rent, however,  is  not  expended  in  this  way  in  external  work  is 
developed  as  heat,  either  in  the  source  of  the  electricity  or  in 
some  other  part  of  the  circuit,  or  both,  Ileat,  in  fact,  appears 
wherever  the  circuit  offers  a  resistance  to  the  current 

DEVELOPMENT  OF   HEAT  BY   ELECTRIC   CCTEBENTa 

The  number  of  units  of  heat  developed  in  a  conductor  is  pro- 
portional, Ist,  to  ila  resistance ;  2d,  to  the  square  of  the  strength 
of  the  current ;  and  Sd,  to  the  time  that  the  current  lasts.  The 
total  quantity  of  heat  developed  in  a  circuit  in  the  unit  of  time 
may  be  expressed  by  the  formula 


H  =  C»R  = 


B» 

B 


=  0K, 


where  IT  is  the  quantity  of  heat  produced,  C  the  current,  R  the 
resistance,  and  K  the  electro  motive  force  So,  also,  if  we  con- 
sider any  particular  jwrtion  of  a  circuit  the  resistance  of  which 
is  r,  and  where  the  difference  of  potential  at  the  two  ends  of 
this  section  is  f,  then  the  quantity  of  heat  developed  in  this 
portion  of  the  circuit  in  the  unit  of  time  may  be  expressed  by 
the  formula 

A  =  0>r  =  '^  =90. 

The  mechanical  equivalent  of  the  gramme  degree  heat  unit,  viz.: 
the  amount  of  heat  necessary  to  raise  the  temperature  of  1  gramme 
of  water  i  deg.  C,  is  4.2  X  10'  ergs. 

OtM  gnmme  degroo  =  4.1  X  10'  erga. 
Ooe  Joul«  =  10'  eiya. 
I  gramme  dag. 


Oao  joulo  = 


4.S 


-=  0.338  grunme  de^recft. 


lu  other  words,  tbe  mechanical   equivalent  of  the  quantity  of 
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heat  developed  in  t  units  of  time  in  a  circuit,  the  resistance  of 
which  is  R,  by  a  current  of  strength  C,  is  given  by  the  equa* 
tions 

W    =  JH  =  C"  E  r  erga, 

where  J  is  Joules'  dynamical  equivalent  of  heat  and  H  the  heat 
in  gramme  degrees. 

This  law  may  be  arrived  at  by  the  following  calculation  : 
The  work  W  done  by  a  current  in  moving  Q  units  of  electricity 
against  an  electro  motive  force  E,  is  : 

w  — QE, 
and  since  Q  =  C  i,  and  W  =  J  H,  we  have : 
JH  =  0  ( E  =  C  R  *, 

Whence  H  =      . 

But  as  C  and  R  are  here  in  absolute  units,  they  must  be  multi* 
plied  by  lO""  x  10»  =  10'',  to  reduce  to  the  ordinary  case  of 
amperes  and  ohms,  whence 

H  =  C  Ri-H4.2=  C>  R/X  0.238. 

This  is  equivalent  to  the  statement  that  a  current  of  one 
ampdre  per  second,  flowing  through  a  resistance  of  one  ohm, 
develops  therein  0.238  gramme  degrees  per  second. 

The  second  of  the  above  laws,  that  the  heat  is  proportional  to 
the  square  of  the  strength  of  the  current,  often  puzzles  young 
students,  who  expect  the  heat  to  be  proportional  to  the  current 
simply.  But  the  consumption  of  zinu  in  a  battery  is  also  pro- 
portional to  the  square  of  the  current;  for,  suppose  that  in 
working  through  a  high  resistance  (so  as  to  get  all  the  heat  de- 
veloped outside  the  battery),  we  doable  the  current  by  doubling 
the  number  of  battery  cells,  there  will  be  twice  as  much  zinc 
consumed  as  before  in  each  cell,  and  as  there  are  twice  as  many 
cells  as  at  iirst,  the  consumption  of  zinc  is  four  times  as  great  as 
before. 

In  any  case,  in  order  to  double  the  current  in  a  circuit  of 
fixed  resistance,  we  would  have  to  double  the  electro  motive 
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force.  Let  ua  suppose  a  circuit  in  which  flows  a  current,  C,  doe 
to  an  electro  motive  force,  E,  thetij  according  to  one  of  our  defi- 
nitions, the  heat  developed  in  the  circuit  would  be 

H  — CE. 
Now  let  the  current  be  doubled  by  doubliog  the  electro  moUve 

force,  and 

H  — 2C  X  3£  — 4CE. 

which  plainly  shows  tliat  in  doubling  the  current  the  heat  ha3 
been  increased  fourfold,  or  as  the  square  of  the  current 

Medianical  Work  by  Currents. — If  an  electro  magnetic  motor 
be  introduced  into  a  circuit  in  which  there  is  an  electro  motive 
force  E,  the  rotation  of  the  motor  will  itself  generate  a  counter 
electro  motive  force  c  Calling  the  total  resistance  of  the  circuit 
R,  the  current  flowing  may  be  expressed  by  the  following  equa- 
tion: 

Kow  this  current  is  developing  not  only  a  certain  amount  of 
heat  in  the  circuit,  but  it  is  also  doing  mechanical  work  in  over- 
coming the  motor's  friction,  and  perhaps  driving  machinery. 
The  energy  appearing  as  heat  will  bo : 

(2)  H  =  c»  It. 

The  enei^  appearing  as  mechanical  work  may  be  represented 

thus  : 

(3)  w  =  c  e. 

The  totiil  work  done  by  the  current  is,  therefore,  equal  to  the 
sum  of  these  two,  that  is : 

(4)  w  r=  c»  R  +  0  < 
Wbeoco                 (6)  W  =  C  B 

And  substituting  this  value  in  (4) 

Whence  W  =  0  B 

If  this  mechanical  work  were  transformed  \nlo  its  equivalent 
of  heat,  and  this  heat  were  added  to  tliat  developed  in  the  cir- 
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cuit,  the  sum  of  the  two  would  exactly  equal  llie  total  amount 
of  heat  which  wouI<l  liave  been  generated  iu  tlie  circuit  had  a 
resistance  been  substituted  for  the  counter  electro  motive  force 
of  such  a  value  as  to  maintain  tlie  current  strength  unaltered 

Chemical  Work  hy  Currents. — If  a  secondary  battery  be  chained 
by  an  electro  motive  force  E,  and  itself  opposes  a  couoter  electro 
motive  force  «,  the  chemical  work  done  in  charging  the  battery 
is: 

w  =  Cb 
And  the  work  appearing  as  heat  will  be  : 

n  :=  0»  R 

Where  R  is  the  total  resistance  of  the  circuit 

The  total  work  done  in  the  circuit  is  clearly  the  sum  of  these 

two, 

ir  =  C«-»-G'Rr=CB 

The  heat  equivalent  to  the  chemical  work  done,  if  added  to 
the  heat  due  to  the  resistance  of  tlie  circuit,  would  exactly  equal 
the  heat  which  would  have  beeu  generated  by  the  current  in  this 
circuit  bad  an  equivalent  resistance  been  substituted  for  the 
counter  electro  motive  force. 

The  counter  electro  motive  foirc  due  to  the  motor  and  that  of 
the  battery  are  thus  identically  the  same  in  their  effect 

Bise  of  Temperature. — The  elevation  of  temperature  in  a 
resisting  wire  depends  on  the  nature  of  the  resistance.  The 
resistance  of  a  short  length  of  thin  wire  may  be  just  the  same  as 
a  long  length  of  thick  wire,  in  which  case  each  will  cause  the 
same  number  of  units  of  heat  to  be  evolved ;  but  in  the  former 
case,  as  they  are  spent  in  heating  a  short  thin  wire  of  small  mass 
they  will  cause  it  to  get  very  hot,  whereas  in  the  latter  case  they 
will  perhaps  only  warm  to  an  im|)erceptible  degree  the  majis  of 
long  thick  wire.  If  the  wire  weigh  w  grammes,  and  has  a 
specific  capacity  for  heat  «,  then 

H— a  wiC, 

where  d  is  the  rise  of  temperature  in  degrees  centigrade.    Hence 

C»R/ 
rf  =  0.24  X  ■  ^^ 
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Since  the  resistance  of  metalB  increases  as  they  rise  in  tem- 
perature, a  thin  wire  heated  by  the  current  Trill  resist  more  and 
grow  bolter  ami  hotter  until  its  rate  of  loss  of  heat  by  oonductton 
and  radiulinn  into  the  Kunxmiidiug  air  equals  the  rate  at  which 
heat  is  supplied  by  the  currenL 

Thin  wires  heat  much  more  rapidly  than  thick,  the  rise  of 
temperature  in  tlifTerent  parts  of  the  same  circuit  being,  for  dif- 
ferent iliicknesses  cf  wire,  inversely  proportional  to  tlie  third 
power  of  the  diameter. 

Thus^  suppose  a  wire  at  any  point  to  become  reduced  to  half 
its  diameter,  the  crixsa  section  will  have  an  area  J  as  great  as 
in  the  thicker  part  The  resistance  here  will  be  4  times  as 
great,  and  the  number  of  heat  units  developed  will  be  4  tim^ 
as  great  ns  in  an  equal  length  of  the  thicker  part  But  4  times 
the  amount  of  heat  requires  4  times  the  radiation,  and  the  radi- 
ating siirface  having  been  reduced  i,  the  metal  will  warm  to  a 
degree  8  times  as  great,  and  8  =  2'. 

ifeckamcal  ^itivalent  of  Currents. — The  mechanical  work  of 
a  current  may  bo  calculated  as  follows:  A  current  whose 
strength  is  C  conveys  through  the  circuit  in  t  seconds  a  quantity 
of  electricity  ^C  L  But  the  number  of  ergs  of  work  W,  done 
by  a  current  is  equal  to  the  protluct  of  the  quantity  of  elec- 
tricity into  the  difference  of  potentials  through  which  it  is 
transferred,  provided  these  latter  are  expressed   in  absolute 

C.  0.  S.  units,  or 

w  =  Ctr. 

Now,  if  W  cigs  of  work  are  done  in  i  seconds,  the  rate  of 
work  is  got  by  dividing  W  by  t;  whence 

t 

If  0  and  V  are  expressed  in  amperes  and  volts,  respectively, 
and  it  is  desired  to  give  the  rale  of  working  in  horse  power,  it 
must  be  remembered  that  1  amp6re=  10-'  C.  G.  S.  units  of  cur- 
rent; that  I  volt=  10'  absolute  units  of  electro  motive  force, 
and  that  1  horse  power=650  foot-pounds  per  second  ^76 
kilogranimetres   per    second  =  76  X  10*  gramme-oentimetres 
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per  second  =  746  x  10'^  ergs  per  second,  T^hence 

0  ampirea  x  V  volts 
^7i =  rate  of  doing  work  in  H.  P. 

Chemical  Work  by  Currents. — The  amount  of  chemical  action 
is  equal  at  all  points  of  a  circuit  If  two  or  more  electrolytic 
cells  are  placed  at  different  points  in  a  circuit,  the  amount  of 
chemical  action  will  be  the  same  in  all,  for  the  same  quantity  of 
electricity  flows  past  every  point  of  the  circuit  in  the  same  time. 
If  all  these  cells  contain  acidulated  water,  the  quantity,  for  ex- 
ample, of  hydrogen  set  free  in  each  will  be  the  same ;  or,  if  they 
contain  a  solution  of  sulphate  of  copper,  identical  quantities  of 
copper  will  be  deposited  in  each.  If  some  of  the  cells  contain 
acidulated  water,  and  othera  contain  sulphate  of  copper,  the 
weights  of  hydrc^en  and  of  copper  will  not  be  equal,  but  will 
be  in  chemically  equivalent  quantities. 

The  amount  of  an  ion  liberated  at  an  electrode  in  a  given 
time  is  proportional  to  the  strength  of  the  current.  A  current 
of  2  amperes  per  second  will  cause  just  twice  the  quantity  of 
chemical  decomposition  to  take  place  as  a  current  of  1  ampere 
per  second  would  do  in  the  same  time. 

The  amount  of  an  ion  liberated  at  an  electrode  in  one  second 
is  equal  to  the  strength  of  the  current  multiplied  by  the  electro 
chemical  equivalent  of  the  ion.  It  has  been  found  by  experiment 
that  the  passage  of  1  ampere  of  electricity  through  water 
liberates  .0000104  gramme*  of  hydrogen;  hence  a  current 
whose  strength  is  C  will  liberate  C  X  .0000104  grammes  of 
hydrc^en  per  second.  The  quantity  .0000104  is  called  the 
electro  chemical  equivalent  of  hydrogen.  The  electro  chemical 
equivalent  of  other  elements  can  be  easily  calculated  if  their 
chemical  equivalent  is  known.  Thus  the  chemical  equivalentf  of 
copper  is  31.5;  multiplying  this  by  .0000104,  we  get  as  the 
electro  chemical  equivalent  of  copper  the  value  .0003276 
(grammes). 

*  Kohlransch  and  Lord  Rayloigh  saj  .00001035;  Mascart  says  .0000I041&. 

f  The  chemical  equivalent  roust  not  be  confounded  with  atomic  wotght, 
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APPAKATC3  FOB  MEASUBING  POWERFUL  CDTWIKVTS. 

Since  the  applications  of  electricity  have  been  so  largely 
developed  for  industrial  purposes  requiring  cnrrents  of  great 
intensity,  the  neoeasity  has  arisen  for  appliances  by  which  the 
value  of  the  currents  employed,  whether  for  electro  plating,  for 
the  production  of  light,  or  for  the  transmission  of  power,  can  be 
determined.  From  a  scientific  point  of  view,  the  subject  is  one 
of  great  interest,  while  commercially  it  is  one  of  great  moment^ 
as  accurate  measurements  form  tlie  basis  of  commercial  success 
in  this,  us  in  any  other  branch  of  engineering. 

The  difference  between  the  ap^iaratus  required  to  measure 
the  currenla  employed  in  electric  lighting,  and  that  heretofore 
used  in  scientiBc  investigations,  telegraphy,  etc,  is,  for  the  most 
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part,  ono  of  degree  only.  The  former  were  desigued  to  detect 
and  measure  extremely  feeble  currents,  whereas  the  latter  are 
required  to  indicate  very  slight  changes  in  powerful  ciu-rents. 

B^be  coils  of  such  instruments  must  therefore  be  sufHciently 
lai^  to  carry  without  appreciable  heating,  the  strongest  cur- 
rent they  may  bo  intended  to  measure. 

B  For  measuring  the  intensity  of  currents  in  absolute  uniLi,  either 
the  tangent  galvanometer  or  the  electro  dynamometer,  in  one 

■form  or  another,  is  employed  in  all  laboratory  work. 
Perhaps  the  simplest  method  of  measuring  current  strength  is 
by  means  of  the  tangent  galvanometer,  the  measurement  being 
made  by  comparing  the  deflection  given  by  the  current  whose 
strength  is  required  with  the  deflection  given  by  a  current  of 
known  strength. 

The  most  reliable  current  measurers  uaed  in  general  electric 
lighting  work  are  moditicationa  of  the  tangent  galvanometer. 
Practically  it  is  generally  preferred  to  use  galvanometers  speci- 
ally constructed  for  this  purpose,  and  graduated  beforehand  in 
amperes  by  the  maker ;  such  galvanometers  are  called  ampere- 
meters or  ammeters. 

Most  of  these  instruments  have  the  magnetized  needle  sus- 
pended in  a  more  or  less  powerful  magnetic  liekl,  usually  a  form 
of  horseshoe  magnet.     They  are  open  to  the  objection  that, 
owing  to  the  inconstancy  of  the  magnetic  field,  they  have  to  be 
I      frequently  calibrated.     Again,   the  arbitrary  division  of  their 
H  scales — ^nocessitate<l  by  the  fact  that  no  function  of  the  angle 
"  of  deflection  is  proportional  U)  the  current  producing  the  deflec* 
lion — is  a  possible  source  of  error.  Those  not  so  divided  require 
^bto  be  calibrated  for  each   division — a  decidedly  inconvenient 
«rrangeraenL 

These  galvanometers  are,  however,  sufficiently  accurate  for 
^p  the  general  requirements  of  industry  ;  and  as  they  are  portable, 
their  indications  almost  instantaneous,  and  their  employment 
requires  neither  study  nor  calculation,  they  are  very  convenient. 
For  the  direct  measurement  of  resistance,  the  ordinary  meth- 
ods and  apparatus  are,  of  course,  applicable  to  all  caseai 
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Before  describing  the  various  forms  of  measuring  apparatu* 
we  desire  to  call  attentioa  to  an  important  fact  in  connection  wiUi 
eiecirical  measuremotits,  which  ia  continually  overlooked,  viz.: 
thatifaccnracy  is  required,  every  apparatus  must  be  adjusted  aud 
arranged  for  the  particular  measurements  that  are  to  be  made. 
Many  galvanometers  have  Ijcen  devised  for  giving  the  Btrenglli 
of  a  current  by  a  direct  reading,  and  without  the  use  of  rcsial- 
ance  coils  or  shunts ;  such  galvanometers  can  only  give  accurate 
results  within  a  very  limited  range  of  their  scale,  and  are  almost 
useless  for  making  measurements  beyond  that  range.  Thus  & 
galvanometer  which  indicates  accurately  a  current  of  25  am- 
peres will  not  be  nearly  so  accurate  if  the  deBeciion  indicates 
50  amperes  on  the  one  hand  or  10  amperes  on  the  other.  For 
general  purposes  simplicity  is  certain  to  be  obtained  at  the  cost 
of  accuracy,  and  practical  men  who  so  often  say  that  an  apjui' 
ratus  for  testing  ia  of  no  use  unless  it  is  simple,  will  find  that 
this  simplicity  is  the  cause  of  far  greater  errors  and  untrust- 
worthy results  than  would  follow  the  use  of  properly  designed 
apparatus,  even  if  a  little  more  complicated,  and  which,  besides, 
would  not  require  an  extraordinary  amount  of  intelligeaoe  or 
skill  to  manipulate. 

By  the  calibration  of  a  galvanometer  is  meant  the  determina- 
tion of  the  value  iu  amp^ires  of  each  division  of  its  scale.  Ib 
other  words,  it  is  the  standardization  of  the  instrument.  For 
example,  suppose  we  have  a  galvanometer  in  which  the  deflec 
tions  are  proi>ortional  to  the  strength  of  current,  and  a  current 
known  to  be  equal  to  2  amperes  produces  a  deflection  of  4 
divisions;  by  dividing  the  current  by  the  number  of  division?, 
we  find  that  each  division  of  its  scale  represents  one  half 
ampere,  that  ia, 


I 


3  ampireB 

4  deffrees 


0.6  unpdre, 


which  is  called  the  constant  of  the  galvanometer.  Any  deflec-l 
tion  of  the  needle  multiplie*!  by  the  constant  will  give  the  vnlue' 
in  amperes  of  the  current  producing  that  defleclioa 
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If  in  the  preceding  case  the  instrument  bad  been  a  tangent 

fgalvonometer  with  ila  scale  divided  into  degrees— iu  wbich  case 

the  current  atreugtUa  are  proportional  to  the  tangent  of  the  angle 

of  deflection — and  a  currentfof  10  amperes  produced  a  deflec- 

itioQ  of  20  degrees,  wo  would  proceed  as  before  to  find  the  con- 

[stant,  using  tangents  of  degrees  instead  of  divisions.     Thus,  the 

tangent  of  20  degrees  is  0.86S97,  and 


Current  20 

Tangent  of  degreeB  ~  ol«391  =  "  ""^'^  =  «""'**°'- 


ITho  tangent  of  any  deflection  multiplied  by  the  constant 
gives  the  value  in  amp^rcij  of  the  current  producing  the  deflec* 
tion,  which  is  expreaseii  by  the  equation : 

^P  0  c9>  UQg.  d*  X  eotuunt, 

where  d"  is  the  deflection  in  degrees. 

All  galvanometers  designed  for  measuring  current  strength 
_  will  also  measure  electro  motive  force;  for  if  the  resisUince  of 
y  a  circuit  remains  constiint,  any  increase  in  the  current  can  only 
be  due  to  a  corresponding  increase  in  the  electro  motive  force, 
and  the  measure  of  tlie  current  must  be  also  the  measure  of  the 
electro  motive  force 
H      As  a  matter  of  fact,  the  resistances  of  circuits  differ  so  widely 
that  it  would  be,  evidently,  of  little  use  to  calibrate  a  galvanom- 
eter to  read  volts   in   a  circuit  of  given  resistance.     But   we 
know  that  the  difference  of  potential  l>etween  any  two  points  of 
a  circmit  in  which  agiv^n  current  flows  is  proportional  to  the  re- 
sistance between  them,  so  that  if  we  connect  a  galvanometer 
■to  those  points  it  will  indicate  the  electro  motive  force  due  to 
ihnt  difference  of  potential ;  so  likewise  if  it  were  placed  across 
the  poles  of  a  battery  or  dynamo  elex^tric  machine  supplj'ing 
current  to  a  circuit,  it  would  indicate  the  difference  of  potential 
between  the  two  ends  of  that  circuit     If,  however,  the  resistance 
^  of  the  galvanometer  were  small,  it  would  not  only  divert  t<Jo  much 
f  of  the  current  from  the  circuit,  but  would  also  reduce  the  resist- 
ance, and  consequently  the  potential,  between  the  points  to  which 
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it  was  attached ;  hence  it  is  desirable  to  have  its  resistance  as 
high  aa  possible     ItwiU  be  seen  from  this  that  am  meter  readioga 
should  not  bo  taken  while  the  potential  measurer  is  in  circuit 
Galvanometers  to  be  used  in  this  manner  for  measuring  electro- 
motive force,  when  calibrated  in  volts,  are  called  voltmeters. 


Fig.  498. 
THE   TANGEN'T  OALVANOUBTBR. 

One  of  the  simplest  forms  of  tangent  galvanomet^s,  suitable 
for  measuring  powerfxU  currentii,  is  shown  in  fig.  4981 
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It  conalsts  of  a  ring  of  stout  copper  wire,  a  foot  or  more  in 
I  diameter,  the  two  extremities  of  which  are  bent  to  connect  with 
I  binding  posts.     At  the  centre  ia  delicately  suspended  a  magnet* 
ized  Bteel  uecdlci  not  exceeding  one  inch  in  length,  and  usually 
furnished  with  a  light  index  of  aluminum,  which  indicates  upon 
Ha  horizontal  scale  graduated  in  degrees  of  arc,  or  into  divisions 
■  corresponding  to  the  tangents  of  such  degrees,  the  angular  move- 
B  merits  of  the  needle.     In  the  figura  the  needle  ia  suspended  by  a 
ailk  fibre,  but   it  is   fretiuently  Hupported   by  a  fine  pivot,  a 
jewelitl  bearing  being  fixed  in  the  needle.     The  instrument  ia 
adjusted  by  setting  the  coil  in  the  magnetic  meridian,  the  small 
neeille  lying  then  in  the  plane  of  the  coil.     One  essential  feature 
of  this  arrangement  is,  that  while  the  coil  ia  very  large,  the 
needle  is  relatively  very  smalL     The  field  due  to  a  current  pass- 
ing round  the  ring  is  very  uniform,  and  the  neetlle  being  small, 
I  its  poles  are  never  tar  from  the  centre.    Whatever  magnetic 
force  the  current  in  the  coil  can  exert  on  the  needle  is  exerted 
normally  to  the  plane  of  the  ring,  and  tlierefore  at  right  angles 
1o   the   magnetic  meridian.     Now,  the  magnetic   force  which, 
Acting  at  right  angles  to  the  meridian,  produces  on  a  magnetic 
needle  a  certain  deflection,  is  etjual  to  the  horizontal  force  of  the 
earth's  magnetism  at  that  place  multipUctl  by  the  tangent  of  the 
angle  of  deflection.     Hence  a  current  flowing  in  the  coil  will 
turn  the  needle  aside  through  an  angle  such  that  the  tangent  of 
B  the  angle  of  deflection  is  proportional  to  the  strength  of  the  cur- 
lent 

■  To  increase  the  range  of  this  form  of  galvanometer,  so  aa  to 
be  able  to  measure  ciiiTenta  of  widely  di^erent  intensities^  the 
ring  may  be  constructed  with  two  or  more  turns  of  wire,  with 
their  ends  so  arranged  that  they  may  be  readily  connected  to- 
gether in  series  or  in  multiple  arc  as  the  case  may  require. 
H  Currents  are  led  to  tlie  instrument  by  means  of  a  twisted 
™  flexible  cable,  which  is  perfectly  inactive  upon  magnetic  needles, 

and  therefore  termed  an  adynamic  lead. 
H|     In  using  a  tangent  galvanometer,  it  is  prcfemble  to  obtain  de* 
flections  as  near  45*  as  possible.   The  reason  for  this  Js,  that  any 
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small  change  in  tlie  strength  of  a  current  trareraiDg  the 
meter  will  produce  the  greatest  o^ect  on  the  needle  when  the 
latter  stands  at  that  angle  A  slight  error  in  reading  either  \tij 
great  or  very  small  deflections  may  cause  a  serious  error  i 
results. 

We  would  particularly  point  out  that  the  accuracy  of 
tangent  galvanometer  does  not  depend  upon  the  constancy  of 
permanent  magnets  or  of  springs;  nor  has  the  needle  to  be 
shifted  for  measuring  different  current  strengths — a  procedure 
by  which  the  magnetic  lield  is  mostly  affected. 


/v.  *w. 


OBACH   GALVANOMETER. 


Another  instrument  for  measuring  the  strength  of  poverfal 
currents  with  great  accuracy,  is  the  Obach  galvanometer,  shown 
in  fig.  499.  It  is  a  tangent  galvanometer  with  a  ring  roovabit 
round  a  horizontal  axis  lying  in  the  magnetic  meridian.  Ilie 
principle  can  be  best  explained  by  refsrenoe  to  the  diagraA 
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showu  in  fig.  500.  If  a  small  magnetic  needle,  freely  movable 
in  any  direction,  is  suspended  in  the  centre  of  a  circular  coil, 
througli  which  a  current  is  passing,  the  following  is  observed : 
If  the  current  ring  is  in  a  vertical  position,  A,  the  needle  is 
only  acted  upon  by  a  couple  which  tends  to  turn  it  round  a  ver- 
tical axis ;  the  opposing  force  is  the  horizontal  compoaent  of 
the  earth's  magnetism.  If  the  ring  is  in  a  horizontal  position, 
B,  the  needle  no  longer  leaves  the  meridian,  but  is  merely 
turned  round  a  horizontal  axis  or  dipped.  The  opposing  force  is 
now  the*  vertical  magnetic  component  of  the  earth.  For  any 
intermediate  position,  G,  of  the  ring  between  the  vertical  and 
the  horizontal,  the  needle  is  at  the  same  time  deflected  from  the 
meridian,  and  more  or  less  dipped.     If  by  any  means  the  needle 


J!\g.  600. 


is  prevented  from  exercising  the  dipping  motion,  the  instrument 
can  be  used  for  the  measurement  of  currents  of  widely  different 
strengths  by  placing  the  ring  for  each  current  in  such  a  position 
that  the  needle  is  deflected  to  that  part  of  the  scale  where  the 
readings  are  mcst  accurate,  viz.,  near  45°.  For  any  fixed  posi- 
tion of  the  ring,  the  current  strength  is  proportionate  to  the  tan- 
gents of  the  deflections,  as  is  the  case  with  the  vertical  ring  of 
the  ordinary  tangent  galvanometer.  If,  on  the  other  hand,  the 
currents  are  compared  by  giving  the  ring  in  each  case  such  an 
inclination  that  the  needle  always  points  to  the  same  degree, 
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say,  for  instance,  45*,  30*,  15®,  tlien  the  cosecant  of  the  ang 
between  the  ring  and  the  horizontal  plane  determines  the  ratio 
of  current  strength.     If  the  angle  between  the  ring  and  the  ver- 
tical plane  is  measured,  the  secant  takes  the  place  of  the  cose- 
cant    A  check  on  the  two  raethods  of  zueasurement  is  tlius  at^J 
hand.  ^M 

If  currents  are  compared  at  different  inclinations^  o,  of  the  ^ 
ring,  giving  at  the  same  time  different  deflections,  rf,  the  tangent 
of  the  deflection  divided  by  the  sine  of  the  corresponding  incli- 
nation measures  the  current  strength.     Thus,  for  three  differeat 
current  strengths, 

tan,  d,      ten,  d,    tan,  d^ 
^  ~    Bin.  %t  '  '^-  *j  "   ■"!-  ««" 


8,:  8, 


If  the  same  current  is  measured  at  different  inclinations, 

fraction 

tan,  d 


must  of  course  be  a  constant  value,  and  this  affords  an  excellent 
means  of  testing  the  degree  of  accuracy  of  the  measurements 
through  the  entire  rangeof  the  instrumeuL  These  mcansof  con- 
trolling the  results  form  an  advantage,  which,  so  far  as  weknow,  is 
notsliaretl  by  any  other  current  measuring  instrument  yet  devised 
The  needle  was  formerly  prevented  from  dipping  by  pivoting 
the  axle  at  both  ends  in  jewel  hearings.  This  plan  has  lately 
been  abandoned  in  favor  of  the  following  arrangement:  A  small 
vertical  axle,  on  which  the  neetlle  is  fixed,  is  provided  with  a 
little  cylindrical  leatlcn  weightat  the  lower  end.  This  adds  but 
little  to  the  momentum  of  the  needle  round  the  vertical  axis, 
whereas  a  great  power  is  requii-ed  to  lift  it  uji  by  a  dipping 
motion.  The  needle,  with  its  aluminum  pointer  and  the  little 
weighted  axle,  is  suspended  by  means  of  a  cocoon  fibre.  The 
ring,  made  of  gun  metal  or  brass,  is  about  15  inches  in  di- 
ameter. 

This  instrument  is  also  constructed  as  shown  in  Qg.  501,  so  as 
to  be  equally  suitable  for  measuring  electro  motive  force  and 
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cnrrcmt  strength.  For  thia  purpose  it  haa  a  grtwTcd  metal  ring 
on  which  n  coil  of  German  silver  wire  is  wound.  The  number 
of  convolutions  are  so  chosen  tliat  the  electro  motive  force  of  one 
volt  produces  exactly  the  same  deflection  with  the  fine  wire  coi! 


Fig.  Ml. 


as  the  current  of  one  ampere  with  the  solid  ring.     This  airaplo 
relation  ia  very  convenient  for  calibrating  the  galvanometer. 

The  change  of  the  constant,  when  the  instrument  is  taken  from 
one  place  to  another,  is  avoided  by  a  compensating  magnet 
placed  eaat  or  west  from  the  needle  and  parallel  to  the  meridian. 
This  magnet — which  is  shown  in  fig.  602 — can  bo  turned  on  a 
horizontal  axis  passing  through  its  centre  and  through  that  of 
the  ncodle ;  it  is  entirely  inactive  if  vertical,  whereas  it  acta 
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opon  the  needle  if  it  is  more  or  less  dipped,  without,  howerwi 
interfering  with  the  zero  position.  Br  giving  the  nucrnet  t 
proper  dip,  the  constant  can  always  be  kept  at  the  same  value: 


ftg.  S*l. 


The  vertical  aoJe  tibamiog  the  position  of  the  ooil  has,  in  ad- 
dition to  the  Qsnal  degrees,  a  number  of  dirisons  engraved  upon 
it  which  oorrespood  to  natuxal  secants. 


DEPREZ  AMXKTKB. 

As  a  lepioscntative  type  of  the  iodustrtal  instniments  to  which 
we  have  referred,  the  Depres  ammeter  will  aerre  as  an  excellent 
example.  Its  principle  is  fllutEaled  in  fig.  50SL  Between  the 
poles  ol  a  powerful  boneshoe  nagnet  u  placed  a  small  oral 
ouil«  consisting  ol  sereral  layers  of  rather  Luge  alk  covered  cop- 
per wti«.  Within  the  ooil  a  smaD  m^netiaed  needle  swii^ 
about  a  vertical  axis.  Attached  to  the  axis  at  right  ai^e  to  ^ 
needle,  is  a  locig  alominnm  pointer,  under  the  extreme  cod  cl 
whidi  a  gradvated  scale  card  is  pfaeed.  Tbe  ooU  is  vsulh- 
woosd  in  two  paits  the  ends  being  jouMd  in  pwallel  eireait 
and  brou^t  to  the  bin^ng  poslBL  This  inilnusent  is  almofit 
dead  beat  in  its  aetiQ^  owing  to  the  eattNaie  Ughtaeas  of  the 


Fig.  &03. 

by  the  maker  and  writteo  on  a  card  accompanying  the  am- 
meter. 

This  instrument  is  converted  into  a  voltmeter  by  winding  the 
coil,  with  very  fine  wire,  to  a  high  resistance. 

Another  form  of  the  Depi-ez  ammeter  is  illustrated  in  fig.  604, 
which  shows  on  the  left  the  external  appearance  of  the  instru- 
ment, and  on  the  right  the  internal  arrangements.  The  axis  of 
the  coil  is  placed — not,  as  is  usual  iu  galvanometers— at  right 
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angles  to  the  axis  of  the  magneUc  field,  but  at  an  acute  angloi 
with  it,  so  that,  instCJid  of,  as  is  usually  the  case  in  onlinHry  gal- 
vanometers,  the  magnetic  moment  due  to  the  current  diminish- 
ing as  the  needle  is  deflected,  while  that  due  to  the  permanent 


Fig.  &04. 

controlHng  field  increases,  and  in  consequence  of  which  the  cur- 
rent mu£t  increa^  much  more  rapidly  than  the  de8ection.  the 
plan  of  sloping  the  (x>il  causes  the  magnetic  moment  due  to  the 
correots  to  iocrease  up  to  a  certain  ]>oint.  The  axis  of  the 
needle  is  pivoted  at  both  ends. 


ATBTON   AND   PKKRTS   COMMIH'ATOR   AMHETER 

This  instrument,  fig.  505,  contains  a  coil  consisting  of  ten 
strands,  each  of  exactly  the  same  resistance.  These  ten  strands, 
by  means  of  a  simple  commutator,  can  be  joined  either  in  aefifli 
or  in  parallel  circuit,  and  so  the  eeosibility  of  the  instmme&i 
can  be  increased  exactly  ten  umesL  The  resistance  of  each 
s^trand  is  about  0.03  ohms,  so  that  when  in  series  the  instmroent 
bos  0.3  ohms,  and  when  parallel  0.005  ohms,  the  latter  figrue 
being  increased  about  0.002  ohms  by  tbe  reststaooe  of  the  coo- 
necdonsL  The  needle  and  pointer  are  pivoted  by  an  axis  pAssing 
through  their  oommoo  centre  of  gimrity,  so  that  the  deflection  is 
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unaltered,  no  matter  in  what  position  the  instrument  may  be 
held,  an(i,  the  pivot  resting  in  jewels  top  and  bottom,  the  fric- 
tion is  also  practically  unaltered  by  turning  the  instrament  ou 

I  its  side  or  holding  it  upright  The  needle  is  placed  between 
the  poles  of  a  large  compound  magnet,  which  is  so  strong  that 
the  ammeter  may  be  placed  not  very  far  from  even  a  dynamo 
machine  in  action,  without  the  magnetism  of  the  machine  affect- 
jug  the  indications  of  the  instrument     For  the  purpose  of  cali- 

^  bratiug  the  instrument,  a  coil  of  1  ohm  resistance  is  placed  in 


fig.  &U6. 

its  base,  which  may  be  added  to  the  circuit  by  the  removal  of 
the  plug  shown  in  the  cut 

The  high  grade  of  sensibility  is  generally  only  used  for  the 
purpose  of  calibrating  the  instrument,  but  it  is  very  convenient 
for  measuring  the  comparatively  small  currents  of  0.5  to  2 
amjj^res  used  with  incandescent  lamps. 

The  ioatrument  is  so  wound  that,  when  a  current  is  sent  from 
binding  screw  to  binding  screw,  at  each  side  of  the  commutator, 
the  pointer  points  to  thai  binding  screw  at  which  the  positive 
current  enters. 
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l^my  of  the  instraments  are  atljustcd  to  girc  1  aznp&re'] 
d^ree  when  the  commutator  is  to  parallel ;  others  agsin  uvv- 
ranged  to  give  2  amperes  per  degree:  while  some  go  as  Iii^  m 
5  amperes  per  d^ree,  and  measure  currents  of  over  200  ampfefB, 


ATRTON   AXD  PEBRYS   COMMITTjITOR   VOLTMETKtt. 


The  commutator  voltmeter  of  Ayrton  and  Perry  differa  oo 
from  iheiroommutator  ammeter  la  the  resUt^uce  of  tbecoita.  In 
this  case  each  coil  has  a  resistance  of  200  ohms,  ao  that  vbea  in 
series  the  instrument  has  2,000  ohms  resistance,  and  vbes 
IxinJlel  only  20  ohm^  the  reactance  coil  being  also  20  ohnuL 
The  voltmeter  is  calibrated  in  parallel  circuit  and  used  generally 
in  series,  and  then  indicates  from  1  volt  per  degree  in  some  ia- 
Btniments  to  5  volts  per  degree  in  others,  the  total  deBectioa  of 
45^  in  the  latter  case  corresponding  with  225  volts.  Bat  josi  u 
the  ammeter  can  be  conveniently  used  in  series,  vben  testing 
the  comparatively  small  currents  paasing  through  a  single  m- 
candescent  lamp,  so  the  voltmeter  may  be  used  in  paralld  cxr^ 
colt  for  testing  electro  motive  forces  of  2  or  S  volts^  such  as,  for 
example,  the  electro  motive  force  of  one  or  two  storage  battaie& 

In  the  ammeter  the  resistance  coil  can  be  introduced  in  the 
circuit  only  wh»i  the  commutator  is  to  series,  and  in  the  volv 
meter  only  when  to  parallel,  so  that  in  neither  case  can  it  be 
foaed  by  the  plug  being  accidentally  takea  or  left  out  when  a 
strong  cturent,  or,  in  the  second  case,  a  large  electro  motive  fonse 
is  being  measoied.  To  avoid  tbeooib  of  the  instnxokents  them- 
advea  being  fosed.  or  the  pointer  being  damaged  by  loo  large  a 
Apfhrtiem,  precantioos  are  taken  by  the  use  of  three  dis^iDCt 
bindix^  screvs  in  each. 
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Fig.  5M  abowB  anolher  form  of  Ayrton  and  Perry's  ■miiifiw 
and  vduneter.  In  tbese  instnuneotB  tbe  commutator  is  dis- 
pensed vith  and  the  coils  are  connected  in  parallel  csreoit  in 


[the  ammeter  and  in  eeries  in  tL©  voltmeter,  permanently.  In 
other  rcspeotfl  thoy  are  substantially  the  same  as  the  commu- 
tator instrumenla.  Owing  to  the  small  deflection  given  by  a 
standard  cell  with  these  instruments,  they  are  not  bo  readily 
calibrated  as  the  commutator  form,  and  they  are  more  especially 
intended  to  be  nscd  in  places  where  many  ammeters  and  volt- 
meters are  employed,  and  where  it  is,  of  course,  unnecessary 


that  all  should  be  provided  with  commutators  for  easy  calibiu- 
tion.  It  is  sufficient  that  a  few  of  the  ammeters  and  voltmeters 
should  have  commutators  for  independent  calibration,  the  re- 
mainder being  calibrated  by  direct  comparison  with  those  having 
commatator  attachments. 

To  partially  avoid  the  loss  of  magnetism  in  the  controlling 
permanent  magnets,  an  armature  or  keeper,  shown  in  the  cut,  is 
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provkled  with  all  of  the  instruments,  but  which,  of  ooaise,  mi 
be  removed  when  the  instruments  are  in  usa 

In  all  of  these  jastrumente  of  Ayrtoa  and  Perry,  which  we 
have  describetl,  the  deflections  are  presumed  to  he  directly  pro- 
portional to  the  currents  proiluciag  them,  and  the  current  or 
electro  motive  force  corresponding  to  one  division  of  theirseales 
i*  marked  by  the  manufaeturera  upon  the  box  accompanyi: 
every  ammeter  or  voltmeter. 
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We  have  already  called  attention  to  the  necessity  of  fraquenll; 
calibrating  magnet  instruments,  to  detect  choogea  of  magneti&m 
in  the  permanent  magnets  which  necessarily  occur.     As  a 
matter  of  faot,  good  DumoU's  cells  or  other  reliable  means  of  ^ 
calibrating   ammeters  and  voltmeters  do  not  exist  in  inanf 
places  where  there  are  electric  light  installations,  and  ooo* 
quently  users  themselves  do  not  calibrate  their  instruments,  ba 
rely  on  the  makers'  iigures. 

To  overcome  this  difficulty  of  loss  of  magnetism  in  the  Iw^ 
manent  magnets,  Messrs.  Ayrton  and  Perry  have  construotal 
ammeters  and  voltmeters  like  that  shown  iu  fig.  607|  in  vhich  (lie 
controlling  force  is  eitlicr  a  flat  or  cylindrical  spiral  spring,  coile*^ 
about  and  attached  to  the  axis  of  the  needle,  instead  of  tlio  per 
manent  magnet.  In  this  case  the  axis  of  the  soft  iron  neftlk 
makes  an  angle  less  than  a  right  angle  with  the  axis  of  ihc  coil 
when  no  current  is  passing,  si tice  if  it  made  a  right  angle  it 
would  be  in  unstable  equilibrium  when  a  current  passed.  The 
best  angle  that  the  axis  of  the  needle  should  make  with  the  tJJs 
of  the  coil  when  the  |x)inter  points  to  zero,  has  been  determiuc*! 
partly  by  calculation  and  partly  by  experiment,  and  it  isdaimcJ 
that,  with  proper  initial  adjustment,  deflections  of  the  pointer  op 
to  45°  can  be  obtained  directly  proportional  to  the  curreoL 

These  instruments  possess  two  important  advantages:  ti)^ 
one  being  that  they  can  be  used  with  reverse  currents ;  the  flc«-j 
ood,  that  by  giving  any  special  set  to  the  spring  (for  doing  tfhicb 
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nere  is  a  small  hand  seen  in  the  ftgure,  and  which  can  be  turned 
through  any  angle,  indicated  by  a  small  graduated  scale,  A, 
\  under  it),  the  needle  does  not  start  from  the  zero  position  until 
the  current  in  the  ammeter  or  electro  motive  force  in  the  volt- 
meter exceeds  a  certain  prearmnged  limit  This  method  of 
giving  a  set  to  the  spring  greatly  increases  the  sensibility  of  the 
instrument 


f\e.  boi. 


AYRTON  AND   PBRtlY'S  WHEEL   AND   PINION    AMMETER   AND 

VOLTMETER. 

When  Still  greater  delicacy  is  required,  the  form  of  the  spring 
instrument  is  somcwhut  changed,  as  shown  in  tig.  508.  Attached 
to  the  arbor  of  the  needle  is  a  wheel,  W,  with  extremely  tine 
cut  teeth  gearing  into  those  of  a  pinion,  P,  on  the  arbor  to  which 
Uie  pointer  is  attached.  With  this  arrangement  the  motion  of 
the  pointer  is  magnified  ten  timesL  If,  then,  the  coil  and  needle 
have  such  a  shape,  and  the  axis  of  the  needle  makes  such  a 


802 


ELECTRICAL  HE&HUBEXKNT. 


proper  initial  angle  with  the  axis  of  the  coil  that  the  defieedoe 
of  the  needle  up  to  not  more  than  36^  ia  proportional  to  the  cll^ 
rent,  then  with  the  wheel  and  pinion  arrangement  the  defiectioD 
of  the  pointer  over  the  entire  scale  of  360^  will  be  proportioool 
to  the  carrent.  In  addition  to  these,  both  the  arbor  of  the 
needle  and   the   arbor  of   the  pinion  are  provided  wilb  vay 


ff- 
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delicate  cylindrical  spiral  springs,  S,  S';  one  or  both  of  wbic 
may  be  employed,  since  the  latter  can  be  thrown  out  of  gear  by 
raising  the  arm,  A,  which  is  done  by  turning  the  headf  H,  of 
the  adjusting  screw.  If  both  the  springs  be  of  the  same 
strength,  then  the  sensibility  of  the  instrument  can  be  iostantly 
mode  one  hundred  times  as  great  by  turning  the  mUled  head^ 
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I H,  which  raises  the  arm,  A,  and  throws  S'  out  of  gear,  or  can 

I  te  increased  to  auy  other  known  less  or  greater  preaiTanged 

^amount,  by  having  the  spriug  on  the  pinion  weaker  or  stronger 

than   that  on   the  wheel.      Both   springs  have,  further,  little 

hands,  /*,  A'  (seen  in  the  ligure),  for  setting  them  up,  so  that 

I  the  whole  deflection  of  SCO**  may,  if  desired,  bo  produced  by  a 
email  percentage  of  change  in  tlie  total  current  where  it  is 
wished  to  measure  accurately  small  changes  in  a  fairly  constant 
•current  Every  bearing  is  jewelled.  The  coil  and  needle  are 
placed  in  the  supporting  box  and  are  not  shown  in  the  cut 
The  wheel  and  piniob  ammeter  fumiahea  au  instrument  for 
the  measurement  of  strong  currents,  comparable  in  delicacy  with 
the  instruments  usually  employed  for  the  measurement  of  only 
weak  currctita.  An  ammeter  on  this  principle  has  been  con- 
structe*l  to  measure  up  to  1,200  amperes. 
H  The  voltmeters  are  constructed  with  two  grades  of  sensibility, 
'  and  measure  electro  motive  force  with  great  accuiticy. 
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The  instrument)  which  \s  shown  in  fig.  509,  is  for  the  purpose 
of  measuring  the  resistunofi  of  any  part  of  an  electric  liglit  cir- 
cuit, while  the  current  is  flowing,  and  indicates  the  ratios  of 
current  and  electro  motive  force  at  one  reading.  It  cons^Lstsof 
two  coils,  one  of  thick  and  the  other  of  fine  wire.  Both  coils  are 
fixed,  and  with  their  axes  at  right  angles  to  one  another,  and  the 
current  flowing  through  each  acts  on  the  same  needle.  Through 
the  thick  coil  the  whole  current,  C,  flows,  and  through  tile  tine 
coil  a  shunt  current  which  measures  the  electro  motive  force,  E, 
between  the  two  ends  of  the  part  of  the  circuit  the  resistance  of 
which  it  ia  required  to  measure ;  and  the  forces  due  to  these  two 
currents  are  at  right  angles  to  one  another;  hence  the  deflection 
of  the  needle  may  be  made  to  measure  E-f-  C,  which  is  equal  to  R 
By  giving  the  pro[>er  mathematical  shajie  to  both  coils  and  to 
the  needle,  the  deflections  of  the  instrument  shown  in  tlie  figure 
are  found  to  be  directly  proportional  to  the  values  of  E-i-C,  timt 
•is,  to  the  values  of  the  resistances  to  be  measured. 
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When  the  itutrument  is  not  in  use,  there  is  no  directing  Coroe 
acting  on  the  needle,  and  the  pointer  therefore  renaaius  any- 
where. On  allowing  the  main  current  to  pass  through  the  thick, 
coil,  by  means  of  the  outer  and  larger  binding  screws,  llie  axis 
of  the  neeJIe  instantly  places  itself  along  the  axis  of  the  thick 
eoil,  and  the  pointer  stands  at  naught.  If  now  wires  be  attached 
to  each  of  tlie  small  binding  screws  belonging  to  the  fine  coil, 
and  the  other  ends  of  these  two  be  attached  to  the  same  point  of 
the  main  circuit,  the  pointer  still  remains  at  naught,  indioating 
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that  there  is  no  resistance  in  the  maia  circuit  between  the  two 
points  of  attachment  of  the  fine  wirea  If  these  wires  be  sepa- 
rated by  the  field  magnets  of  the  dynamo,  the  pointer  at  once 
moves  to  a  number  indicating  the  resistance  of  the  field  magnets 
It  will  be  seen  that  the  resistance  of  any  part  of  the  circuit  cao 
he  measured  at  any  time  without  interfering  with  the  main  cur 
rent.  In  practice,  the  ohmmeter  is  simply  kept  inserted  any- 
where in  the  main  circuit,  and  when  it  is  desired  to  measure  tbe 
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resistance  of  any  part  of  the  circuit,  the  two  ends  of  this  part  of 
the  circuit  are  connected  by  two  fine  wires  to  the  two  smaller  bind- 
ing screws  of  the  ohmmeter.  Wliea  the  wheel  aud  pinion  are 
employed,  a  deflection  of  about  320°  of  the  pointer  is  obtainable, 
a  deflection  of  60*  corresponding  with  one  ohm,  so  that  measure- 
ment of  resistance  up  to  six  ohms,  correct  to  ^  of  an  ohm,  can 
be  accurately  and  quickly  made.  The  ohmmeter,  it  will  be 
seen,  dispenses  with  the  use  of  resistance  coils. 


"^    - 
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AYBTON   AND   PKBBY'S   KLKCTRIO   POWER   METER. 

This  instrument,  designed  for  measuring  by  one  operation 
the  horse  power  eleotricaUy  given  to  any  part  of  a  circuit,  is 
similar  in  some  respects  to  the  ohmmeter.  The  latter  measuring 
the  ratio  E-T-C, while  the  former  measures  the  pr«xluctC  x  E,and 
consequently  the  horse  power  which  is  proportional  to  C  X  E. 
Fig.  510  gives  a  general  view  of  the  instrument,  which  consists 
of  a  thick  wire  coil,  through  which  the  main  current  passes,  and 
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3  fine  wire  coll  su8{>ende(l  within  it,  which  acts  as  a  »hunt  toth&t 
part  of  the  circuit  of  which  it  is  desired  to  measure  the  clcctricai 
energy.  The  axis  of  the  two  coils  are  parallel,  and  the  passage 
of  a  current  tends  to  dellect  thestispcnded  one.  Since  the  thick 
wire  coil  measures  the  intensity  of  the  current,  and  the  thin  wire 
coil  its  electro  motive  force,  as  the  deflection  of  the  latter  is  the 
])roduct  of  the  two,  the  amount  of  that  deflection  i&  the  measure 
of  the  power  or  energy  of  the  current  Modifications  of  this 
instrument,  with  or  without  a  commutator,  or  with  a  wheel  and 
piniou  aiTaogcment,  are  also  made 

hopkinson's  current  meter. 

Fig.  511  is  a  side  view,  with  part  shown  in  section,  of  ih  -^ 
Hopkinaon  coulomb  or  current  meter,  and  fig.  512  is  a  bac^k 
vit^w  with  case  shown  in  section.     In  both  figures  a  a  an*  tl^M_t> 
electro  magnets  of  a  small  dynamo  electric  machine  to  be  ns^^ad 
as  a  motor,  h  being  its  armature:     This  dynamo  is  wound  wi^fch 
fine  wire  as  a  sliunt  to  the  current  to  be  measured,  part  of  whicz^h 
pa.sses  from  L  round   the  electro   magnets,  then  through  t^k^e 
armature,  and   thence  by   brushes  and  wire  to  the  insulat^ed 
ring,   A  (fig.  611).      Here    the   circuit   may   be   either   ma».«Ie 
or  broken,  according  as  the  movable  piece  or  core,  t,  is  raijs--«d 
or  lowered     If  this  piece,   which  is  a  soft  iron  core  witfcz^io 
a  solenoid,  be  lowered,  the  circuit  is  completed  to  the  m^tai 
frame  of  tlie  instrument  through  a  vertical  contact  pin,  p.    'Pits 
pin  projects  into  a  groove  in  the  core,  and  forms  a  rubbing  c<Z30- 
tact  as  the  latter  revolves. 

The  current  to  be  measured  passes  through  a  solenoid     of 
stout  wire,/,  enclosed  in  an  iron  tube,  k,  supported  by  the  fr^Jue 
of  the  instrument     The  vertical  shaft,  2,  is  driven  by  the  arma- 
ture of  the  d3'namo  and  carries  the  iron  core,  m  m,  fixed  t«:>  it 
The  iron  core,  i",  revolves  with  the  shaft,  /,  and  can  slide  upon  it 
It  is  connected  by  links,  oo,  to  the  governor  balls,  n  n,  wliicii 
therefore  tend  to  raise  it  as  the  shaft  revolves.     The  revolutiodi 
of  the  shaft  are  indicated  by  the  worm  and  worm  wheel,  q,  act- 
ing on  the  shaft  and  operating  the  pinions,  rr,  and  hands  o 
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counter,  s,  Spring^;^  I,  take  the  weight  of  the  core,  i^  and  are  so 
adjusted  that  when  no  current  passes  through  the  coil,/,  contact 
is  broken  with  the  insulated  riag,  h;  but  a  very  smaU  current 
through  this  coil  will  make  the  contact  and  cause  the  electro 
motor  to  b<^n  to  revolve,  When  a  current  paaaes  through  the 
coil,  j\  it  causes  attraction  between  the  fixed  tube,  A,  and  the 
flanges  of  the  moving  cores,  m  and  i,  also  between  the  cores,  m 
and  i  The  magnetic  force  upon  i  is  vertically  downward,  and 
is  proportional  witlun  certain  limits  to  the  square  of  the  current 
in  the  coiL  "When  the  governor  is  revolving  the  centrifugal 
force  on  the  governor  balls  is  proportional  to  the  square  of  the 
speed  of  revolution,  and  tends  to  lift  the  core,  a,  in  opposition 
to  the  magnetic  force.  These  forces  will  exactly  balance  one 
another,  for  if  the  ajjced  be  too  great,  tlie  circuit  of  the  electro 
motor  will  be  broken  and  the  speed  will  fall.  If  it  be  too  small, 
the  electro  motor  will  work  and  the  speed  will  increase.  The 
result  is  that  the  system  will  revolve  with  a  velocity  propor- 
tional to  the  current  through  the  coil.  Owing  to  the  symmetrical 
arrangement  of  the  cores,  the  electro  magnetic  forces  are  balanced 
as  far  as  the  shaft,  /,  is  concerned,  and  they  do  not  tend  to  ut 
any  pressure  upon  the  bearings. 

THOMSON'S  GRADED  CURRENT  GALVANOMETEK. 

This  instrument,  which  is  shown  in  fig.  513,  is  designed  to 
permit  of  a  very  wide  range  of  measurement,  being  obtAincd  by 
varying  the  intensity  of  the  magnetic  field  in  a  known  ratio  and 
comparing  with  it  the  unknown  current  It  consista  essentially 
of  two  parta,  1st,  a  coil,  C,  formed  of  a  few  turns  of  thick  copper 
strips,  with  about  y^jVir  of  an  ohm  resistance,  through  which  the 
current  to  be  measured  is  allowed  to  pass,  it  being  vertically 
fixed  to  the  end  of  a  wooden  platform,  P,  wiih  about  one  half 
only  of  the  coil  i)rf>jecting  above  it ;  and  2d,  of  a  magnetometer, 
M.  This  last  consists  of  four  short  steel  magnets  (constituting 
the  needle)  mounted  iu  a  frame  on  a  vertical  axis,  with  a  long 
aluminum  jwinter  attached,  and  enclosed  in  a  qu:ulrant  shaped 
box,  with  a  glass  cover,  and  a  silvered  glass  mirror  bottom  (in 
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order  to  counteract  any  effect  of   parallax  while  reading 
scale  of  tangents,  to  wliicb  tlie  instrument  is  graduated). 

In  order  to  increase  the  directive  force  of  the  needle  when  re- 
quired, a  semicircular  permanent  tnitgnet  of  hard  Bteel,  and  of 
known  intensity,  may  be  attached  vertically  to  two  arms  pro- 
jecting from  the  magnetometer,  behind  the  apex  of  the  quad- 
rant. The  magnet  stands  over  the  needle,  aa  shown  in  the  figure, 
and  its  field  is  brought  into  parallelism  with  that  of  the  earth, 
by  turning  the  screw  at  the  point  of  the  magnet  untU  the  index 
points  to  zera  To  avoid  accidental  demagnetization  of  the 
nmgnet,  it  must  be  kept  at  a  distance  from  all  other  magnets. 

The  magnetometer  is  supported  on  three  feet  and  a  spring; 
two  of  these  feet  slide  ia  a  V  groove,  cut  in  a  hardwood  scale  lei 
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into  the  tops  of  the  platform,  and  this  allows  the  magnetometer 
to  be  moved  nearer  to  or  further  from  the  coil,  but  prevents  it 
being  so  turned  round  as  to  change  the  zero  reading  of  the  in- 
strument. The  sensibility  of  the  instrument  is  changed  by  varv- 
ing  the  position  of  the  magnetometer  on  the  platform.  When 
the  front  of  the  magnetometer  (without  the  directing  magnet) 
is  placed  at  any  division  of  the  scale  marked  on  the  platform, 
the  number  stamped  at  that  division  indicates  the  deflection,  in 
divisions  of  the  magnetometer  scale,  produced  by  one  ampere  of 
current;  the  intensity  of  the  magnetic  field  in  which  the  mag- 
netometer needles  are  placeti  being  supposed  unity.     The  abso- 


THOMSONS   POTENTIAL   GALVANOMETEB. 


811 


lute  intensity  of  the  m&gnotic  licld  at  the  needle  dae  to  the  di- 
recting magnet  alone  is  carefully  detennined  and  marked  on  the 
magnet  The  total  intensity  of  the  field  is  obtained  by  adding  the 
horizontal  component  of  the  intensity  of  the  earth's  field,  at  the 
place  in  which  the  Instrument  is  used,  to  the  number  marked  on 
the  magnet,  A  pairof  flexible  adynamic  leads  are  supplied  with 
the  instrument  When  in  use  the  plane  of  the  coil  is  placed  in 
the  magnetic  meridian  so  that  the  index  points  to  zero  on  the 
scale.  The  directing  magnet  is  then  placed  in  position  and  the 
adjusting  screw  turned  until  the  index  again  points  to  zera 

The  range  of  sensibility  obtained  by  varying  the  extreme  dis- 
tance along  the  groove  of  the  mngnetomcter  from  the  coil  is 
about  fifty  fold;  while,  by  removing  the  magnet,  and  leaving 


AUSUPP 


I 
I 


^Tj.   614. 

the  needle  under  the  influence  of  the  earth's  force  alone,  a  fur- 
ther sensibility  of  fifty  times  greater  can  be  obtained.  Any 
current  whose  intensity  is  leas  than  100  amperes  may  be  safely 
meosured  by  this  instrument  * 

THOMSONS    POTENTIAL   GALVANOMETER. 

This  instrument,  shown  in  tig.  514,  differs  from  the  current 
galvanometer  only  in  the  coil,  C,  which  is  of  thin  German  silver 
wire  of  about  5,000  ohms  resistance.  To  prevent  a  current 
passing  through  the  coil  when  no  reading  is  being  taken,  a  key, 
attached  to  the  base  of  the  instrument,  is  placed  in  circuit  with 
it     A  pair  of  flexible  leads,  with  spring  clips  attached  to  their 
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ends  for  making  contact  wilh  two  points  of  a  circuit,  accompany 
cncli  instrument.  Readings  must  be  taken  as  quickly  as  possi- 
ble, to  avoid  heating  of  the  coil  in  this,  as  in  other  forms  of  volt- 
meteri  When  the  front  of  the  magnetometer  is  placed  at 
any  division  of  the  scale  marked  on  the  platform,  the  number 
stamped  at  that  division  indicates  the  deflection  in  divisions 
of  ihe  magnetometer  sciUe,  produced  by  one  volt  difierenccof 
potential  between  the  ends  of  the  coil. 

CAROKW'S   GALVXNOUETER    TOR   MEASURINQ   LARGE   CUBKESTtB 
AND   VERT    LOW   KESISTAXCES. 

This  instrument  (fig.  616)  is  constructed  on  the  principle  of 
the  diGEerential  galvanometer.  A  small  coil  of  known  resistance 
consisting  of  many  turns  of  fine  wire,  closely  encircles  a  mag- 
netized needle  pivoted  at  its  centre.  Attached  to  the  needle  and 
at  right  angles  to  it  is  a  horizontal  pointer  whose  movements  are 
limited  by  two  vertical  pins  placed  a  fraction  of  an  inch  on  each 
side  of  the  zero  point  Surrounding  this  fine  wire  coil  is  an- 
other coil  of  considerably  greater  diameter,  composed  of  a  few 
turns  of  thick  wire. 

The  coils,  which  areof  rectangular  shape,  are  placed  at  one  end 
of  a  rather  long  base  board.  Passing  in  under  the  coils,  and  id 
the  same  direction  as  they  are  wound^  is  a  broad  strap  of  copper; 
at  each  end  of  the  coils  this  strap  makes  a  right  angle  bend  and 
continues  on  to  the  opposite  end  of  the  board,  where  the  ends  dip 
into  mercury  oup  connectors.  Three  inches  in  front  of  the  coili 
another  transverse  strap  is  placed,  one  end  of  which  terminates 
in  contact  with  one  of  the  longitudinal  straps,  while  the  other 
bends  at  a  right  angle  to  terminate  in  a  mercury  cup  as  before. 
One  end  of  the  thick  wire  coil  is  in  connection  with  a  longi- 
tudinal strap,  the  other  ends  in  a  mercury  cup^  The  fine  wire 
is  terminated  at  separate  binding  screws  near  the  coils.  These 
connections  are  shown  diagrammatically  in  the  tigure.  The  cop- 
per straps  are  so  placed  that  only  the  currents  in  the  transverse 
straps  affect  the  needle.  It  will  thus  be  seen  that  three  de- 
grees of  sensitiveness  are  obtainable:    Ist,  by  connecting  tl. 
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shown  at  B  are  used  to  fthort  circuit  the  galvanometer  when 
recjuirecL  Tlie  extra  mercury  cup,  1,  allows  the  galvanometer 
circuit  to  be  opened  by  the  removal  of  the  bent  bar  between 
cups  1  and  2,  anil  tliis  may  be  accomplished  without  ioterrupt- 
ing  the  cuntinuity  of  the  main  circuit  if  it  has  been  previously 
short  circuited  at  the  other  cnps.  The  effect  of  the  leading 
wires  on  the  needle  may  thus  be  noted  and  remedied  by  proper 
maoipulatiun. 

To  measure  current  strength,  fig.  616,  a  current  from  one  or 
more  cells  of  known  electro  motive  force,  E,  is  sent  through  ihe 
£no  wire  coil,  B,  and  which,  by  altering  an  adjustable  resist* 
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ance,  W,  which  is  also  in  circuity  ia  made  to  balance  the  effect 
on  the  needle  produced  by  the  large  current,  B,  whose  strength 
is  to  bo  measured,  which  is  passing  through  the  thick  coil,  r. 

The  constant  value  or  ratio,  Z,  of  the  effects  of  the  two  coils 
on  the  needle  being  known,  the  value  of  the  unknown  currenl, 
C,  may  be  determined  by  the  simple  formula 

C—  2o 


■where  e  is  the  current  circulating  in  the  fine  wire  coih 

For  measuring  resistances,  one  end  of  each  coil  is  connected  to 
the  same  pole  of  a  battery  or  dynamo,  K,  fig.  617 ;  the  circuit  of 
the  fine  wire  coil,  R,  is  completed  through  an  adjustable  resist- 
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ance,  W,  to  the  other  pole  of  the  battery,  while  the  thick  coil,  r, 
circuit  is  completed  in  a  similar  manner  through  the  unkhown 
resistance,  w.  For  determining  the  constant  of  the  instrument 
a  ]aiown  resistance  is  substituted  for  the  unknown  in  the  last 
case.  Mr.  Cardew  has  also  designed  an  instrument  on  the 
same  principle,  in  which,  instead  of  varying  the  resistance, 
the  distance  between  the  coils  is  varied.  The  fine  wire  coil  is 
mounted  on  a  slide  moved  by  a  screw  at  right  angles  to  the 
conductor.  On  each  side  of  the  slide  along  which  the  bobbin 
moves  is  a  pointer  moving  over  a  fixed  scale  of  amperes  on  one 
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side  and  parts  of  an  ohm  on  the  other.     Magnets  may  be  added 
to  both  instruments  to  make  ihem  more  or  less  dead  beat 


ELECTRO   DYNAMOMETER, 

For  measuring  currents  whose  direction  is  always  the  same, 
the  apparatus  which  has  been  described  answers  every  purpose. 
In  cases,  however,  where  alternating  currents,  which  are  em- 
ployed in  some  systems  of  electric  lighting,  have  to  be  meas- 
ured, an  ordinary  galvanometer  would  give  no  indications ;  in 
such  cases  an  electro  dynamometer  must  be  used,  as  the  deflec- 
tions given  by  this  instrument  are  always  in  the  same  direction, 
no  matter  what  currents  traverse  its  coila  The  principle  of  the 
electro  dynamometer  is  based  upon  the  mutual  action  of  cur- 
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rents,  i'  &,  upon  the  fact  that  parallel  currents  in  the  same  < 
tion  attract,  and  in  op{>osite  directious  repel,  one  another. 

Fig.  518  shows  how  the  principle  is  applie<L  A  B  C  D  isi 
fixed  wire  rectangle,  and  a  b  c  d  sl  smaller  one,  suspended  with*^ 
Id  the  larger,  so  that  it  can  turn  freely  about  its  axis ;  the  planes 
of  the  two  are  at  right  angles  to  each  other.  Now,  if  the  two 
rectangles  be  connected  together  in  the  way  shown,  then  a  cur- 
rent entering  at  W^,  and  passing  out  at  W,,  will  traverse  the 
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two,  and  the  current  passing  from  B  to  C  will  attract  the  car- 
rent  passing  from  a  to  d,  and  will  repel  the  current  passing  Irora 
e  to  6.  A  similar  action  takes  place  with  reference  to  the  car- 
rent  passing  from  D  to  A  ;  consequently  the  smaller  rectangle, 
under  the  influence  of  the  forces,  will  tend  to  turn  about  its 
axis  in  the  direction  in  which  the  hands  of  a  watch  rotate.  If 
the  current  enter  at  W,,  and  leave  at  W,,  then,  inasmucli  as 
the  directions  of  all  the  currents  in  the  wires  are  reversed,  tW 


small  rectangle  must  still  tend  to  turn  in  the  direction  indicated. 
If  one  or  both  of  the  rectangles  consist  of  several  turns  of  wire, 
the  turning  effect  for  a  given  current  will  be  proportionally  in- 

K-creaacd. 

™  It  might,  perhaps,  at  first  be  anticipated  that  the  deflections 
produced  by  various  currents  on  the  electro  dynamometer 
would  have  about  the  same  relative  magnitudes,  as  regards 
their  number  of  degrees  of  divergence,  as  the  deHeclioiia  on  the 
tangent  galvanometer ;  that  is  to  say,  for  example,  if  two  cur- 
renla  on  the  tangent  galvanometer  gave  deflections  of  lO''  and 
40°  respectively,  it  might  perhaps  be  imagined  that  if  the 
amaller  current  also  gave  10*  on  the  electro  dynamometer,  then 

Hihe  greater  would  give  about  40°.  This  is  not  the  case,  how- 
ever, for  the  following  reason :  In  the  case  of  the  tangent  gal- 
vanometer we  have  a  magnetic  field  formed  by  a  magnet  of 
fixed  intensity,  and  this  is  not  altered  by  the  action  of  the  wire 
in  the  case  of  tlie  electro  dynamometer^  however,  the  niag- 


coil 


netic  field  of  the  movable  coil  is  increased  directly  as  the  current 
is  increased ;  thus  if  the  current  passing  through  the  deflecting 
coil  is  doubled,  then  the  current  passing  through  the  deflected  coil 

•is  doubled  alst) ;  consequently  we  have  a  doubled  current  acting 
upon  a  maguetio  field  doubled  in  intensi^,  and,  therefore,  we 
must  have  a  quadrupled  deflective  effect:  In  other  words,  the 
deflective  force  tending  to  turn  the  movable  coil  will  vary  as 
the  square  of  the  current,  and  not  directly  as  the  current,  as  iu 
the  tangent  galvanometer.  This  value — the  square  of  the  cur- 
rent— is  precisely  the  power  which  is  required  for  many  techni- 
cal calculations,  such  as  the  amount  of  ficat  or  light  produced, 
B  or  the  work  given  out  or  absorbed  by  a  certain  current 
^      A  fine  wire  electro  dynamometer  cannot  bo  Batisfactorlly  used 

»for  measuring  rapidly  reversing  electro  motive  force,  because  of 
the  retardation  arising  from  self  induction. 
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A  general  view  of  this  instrument,  which  is  suitable  for  meaa- 
miing  current  strength,  is  shown  in  fig.  519.     It  consists  of  a 
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the  edge  of  llie  graduated  dial.  The  rectangle  encircles  a  coil 
cODsistiug  of  several  turns  of  thick,  and  a  large  number  of  turns 
of  thin  wire ;  the  two  ends  of  the  thick  wire  are  connected  to 
terminals  1  and  2,  and  the  two  ends  of  the  lliin  wire  to  terminals 
1  and  3.    Couuection  is  made  between  the  rectangle  and  the 


•# 


Fig,  &Z0. 

wire  coils  by  mercury  cups,  into  which  dip  the  ends  of  the  wire 
forming  the  rectangle.  The  base  board  has  three  levelling  screws ; 
the  level  consists  simply  of  a  small  pointed  weight  hung  at  the 
end  of  a  rod  (seen  on  the  right  of  the  figure),  the  pointed  end 
hanga  exactly  over  a  fixed  point  when  the  instrument  is  level. 
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The  detail  of  theae  connections  are  shown  in  fig.  620.  One  of 
tho  advantages  of  this  apparatus  is  that  the  action  of  terresiml 
xuagnetisra  on  a  single  oonvolution  is  so  alight  that  it  may  be 
neglected,  and  the  instrument  does  not,  therefore,  reqairc  to  be 
set  to  the  magnetic  meridian.  The  method  of  using  the  ^emen^ 
electro  dynamometer  is  as  follows:  The  wires  leading  the 
current  whase  strength  is  to  be  determineil  are  connected  to 
terminals  1  and  2,  or  1  and  3,  acceding  as  a  strong  or  weak 
current  has  to  be  measured.  The  current  deflects  the  rectangle; 
the  thumb  screw  is  now  turned  in  the  reverse  direction  to  that 
in  which  the  rectangle  has  turned,  and  torsion  being  thereby  pat 
on  the  spiral  spring,  the  rectangle  is  forcibly  brought  back 
toward  its  normal  position,  that  is,  at  right  angle  Co  the  coilfv 
or  to  the  position  at  which  the  pointer  attached  to  the  rectangle 
stands  at  zero  on  the  scale.  The  number  of  degrees  of  torsioa 
given  to  the  spiral  spring  being  then  read  oS^  the  strength  of 
the  current  is  found  by  reference  to  a  table  supplied  with  each 
instrument  The  method  of  constructing  this  table  is  described 
CO  page  787. 


SXEUEXS   POTENTIAL   GALTANOMETEB. 

Fig.  621  representa  a  form  of  torsion  galvanometer  devised  by 
Siemens  for  the  measurement  of  electro  motive  forces.  Although 
not  suitable  for  measuring  rapidly  reversing  currents,  it  is  tb« 
companion  instrument  to  the  electro  dynamometer  just  described. 
It  consists  of  a  tuning  fork  ^laped  magnet  or  needle,  suspended 
between  two  rectangular  bobbins  wound  with  fine  wire,  so 
placed  that  their  longest  sides  are  vertical.  Two  brass  oolunuu 
cany  the  glasa  top  or  cover,  which  baa  an  etched  gradoatioD. 
The  columns  are  connected  by  a  cross  piece,  in  the  middle  of 
which  is  a  short  brass  tube  which  passes  through  a  hole  in  th« 
centre  of  the  cover.  Passing  through  the  tube  is  a  cocoon  fibre 
on  which  the  magnet  hangs;  the  end  of  the  fibre  is  wound 
round  a  small  shok  with  a  milled  head,  by  means  of  which  the 
magnet  can  be  raised  or  lowered.  About  the  tube  turns  a  bras 
bushing  canying  a  horizontal  indicator,  which  moves  in  under 


the  centre  of  the  torsion  spring  and  is  so  adjusted  thnt  the  bell 
magnet  hangs  between  the  coils.   On  the  upper  end  of  the  mag- 
H     net  a  little  arm  is  fastened.     This  latter  is  twice  bent,  and  is 
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do&Uy  oootinued  in  a  short  vertical  piece  which  moTCe 
the  graduated  plate  and  carries  a  blackened  point 
inward.  The  index  passes  through  a  hole  in  a  fixed  pUte, 
which  limits  itd  moti(»L  The  iostnunent  is  so  placed  that  the 
index  point  coincidee  aocaratelj  with  zero  on  the  gimdoated 
plate.  When  the  pointer  is  defected  by  the  passage  o€  a  cur- 
rent it  is  brought  back  to  zero,  as  iu  the  case  of  the  electro 
dynamometer,  by  taming  the  bushing  to  which  the  spind  spring 
is  attached ;  hot  in  the  ptesent  case  the  angles  of  torsaoo  are 
{nnportionate  Bimply  to  the  correat  strength  itself,  becaoae  the 
magnet  does  not  change  its  intensity  with  the  currenL  The  tor- 
sion of  the  spring  is  measured  on  the  graduated  glass  cover,  and 
a  table  supplied  with  each  instrument  gives  the  relation  between 
the  degrees  of  graduation  and  the  electro  motive  forces.  The 
instrument  measures  diSerences  of  potential  ranging  &om  -^ir  ^ 
a  volt  to  100  volts,  a  shunt,  which  is  inserted  by  the  removal  of 
a  plu^  shown  in  the  figure,  being  used  for  all  electro  modve 
forces  over  10  vott&.  In  nsiog  this  instrument  the  resistance  of 
the  leads  is  almost  immaterial,  at  least  within  the  usual  require- 
ments. 

Owing  to  the  difficulties  arising  from  the  beating  of  the  coils 
in  ordinary  potential  galvanometers,  the  measorement  of  elec- 
tro motive  forces  above  200  volts  can  be  more  accurately  made 
with  some  form  of  condeu.ser  or  electrometer.  Omdensers  for 
such  work  should  be  specially  well  insulated,  &s  it  is  found  in 
pnctice  that  wdinary  oondoiaeis  cannot  be  safely  used  for 
measuring  h'^h  potential  machine  currents.  The  eloctrometas 
of  Sir  William  Thomson  are  open  also  to  a  similar  objection,  bat 
they  can  be  easily  modified  to  suit  the  new  coodiuons,  and  aotne 
have  already  been  snoeessf nlly  oonstructoi  for  this  puipose. 


I 


ATBTOX   AXD  FERKT5  CTUNDCB  SPRING   ELECTRO 

Tlus  is  a  modificatkM  of  the  Thomson  electztkmeter, 
to  bo  conveniently  portable  and  suScieatly  sensitive  to  measure 
the  high  electro  motive  forces  for  which  it  is  intended  withoat 
b^g  over  delicax&    It  is  ooostnicted  as  follows :    Two  vertical 
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pieces  of  metal,  forming  parts  of  a  cylindrical  surface  are  attached 
to  a  vertical  arbor  resting  in  jewelled  bearings,  and  form  tbe 
needle  of  the  electrometer.  This  arbor  is  iixed  to  one  end  of  an 
extremely  fine  spiral  spring,  the  other  end  of  which  is  fastened 
to  the  dial  plate,  which  is  itself  electrically  connected  with  one 
of  the  terminals.  This  spring  serves  two  purposes — the  one 
10  give  the  needle  directive  force,  the  other  for  keeping  up 


Pig.  522. 


electric  connection  with  the  needle,  which  turns  inside  four 
concentric  vertical  pieces  of  brass,  which  together  nearly  form  a 
complete  cylinder  of  a  radius  slightly  longer  than  that  of  the 
needle,  and  which  replaces  the  quadrant  in  the  ordinary  electro- 
meter. These  are  electrically  connected  alternately  in  pairs,  as 
shown  in  fig.  522  ;  and  one  pair  is  aleo  connected  with  the  nee- 
dle through  the  Very  fine  cylindrical  spring,  symbolically  repre- 
sented as  a  spiral  line  in  the  figure.  If,  now,  A  and  B  be 
maintained  at  a  difference  of  potential,  E,  a  deflection,  D,  will 
be  produced,  which  it  may  easily  be  shown  is  proportional  to  the 
square  of  E.  One  great  advantage  of  this  well  known  method 
of  connecting  the  needle  and  quadrants  of  a  Thomson's  electro- 
meter is,  that  although  it  does  not  produce  as  delicate  an  instru- 
ment as  can  be  obtained  by  giving  to  the  needle  an  independent 
charge,  it  enables  the  apparatus  to  be  used  for  measuring  a  rap- 
idly reversing  electro  motive  force  equally  as  well  as  formeasur- 
ing  a  non-reversing  electro  motive  force.    The  needle  has  but  a 
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small  moment  of  inertia,  while  at  the  same  time  it  iseverjwli 
very  near  tlie  0.\ed  aiiracting  surCaeeat,  axul  may  therefore  1 
made  p&rtJy  dead  beat. 

BUEOSTAT& 

Standard  resistance  coils,  although  not  so  generally  employ< 
for  the  measaremcnt  of  the  strong  carrents  used  in  electric 
lighting  OS  for  the  weaker  curreuU  used  in  tel^rapby,  are  never- 
theless indispensable  for  many  testa.  Ordinary  rheostats  are  not 
at  all  suitable  for  such  work,  as  the  strong  currents  would  heu 
,ihem  to  an  extent  that,  if  they  were  not  entirely  destroyed,  their 
resistance  would  be  so  increased  as  to  render  them  totally  un- 
reliable. 

To  avoid  cxccasiTe  heating  as  much  as  possible,  rheosttto 
intended  to  measure  large  currents  are  usually  coostmcted  ol 
very  thick  wire  or  metallic  ribbon,  and  so  put  together  as  to  ex- 
pose the  wire  to  the  free  circulation  of  air. 

0F3^'   FRAME   BHEOSTAT. 

One  of  the  earUcr  forms  of  such  rheostats^  which  is  shown  in 
fig.  523.  consists  of  an  open  frame  built  of  four  rectangubrl 
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whidi  poeitkoo  they  are  firmly  bound  together.     A  aeclioo  ocj 
tha  frame  woold  abow  an  equal  arm  croas.     Around  the  oaier 
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edges  of  the  frame  German  silver  or  other  wire  of  large  diameter 
is  wound,  the  coils  being  about  one  eighth  of  an  inch  apart 
The  ends  of  the  wire  terminate  in  binding  screws,  by  which  con- 
nections may  be  made.  By  means  of  a  sliding  contact,  succes- 
sive lengths  of  the  wire  may  be  added,  each  coil  having  a  fixed 
resistance. 

MULTIPLE   OPEN   FRAME   RHEOSTAT. 

In  another  similar  form  of  rheostat  a  number  of  frames  of  the 
same  shape  as  that  just  described,  but  somewhat  smaller,  are 
fixed  in  a  box  perforated  with  large  holes.  Each  board  is 
wound  separately,  and  the  ends  of  the  four  wires  on  each  frame 
are  soldered  to  a  circle  of  brass  plates  on  the  cover  of  the  box. 
By  means  of  a  lever  on  top  of  the  box,  which  slides  over  the 
brass  plates,  more  or  less  resistance  may  be  put  in  circuit 

Edison's  field  rheostat. 

For  regulating  the  current  in  the  fields  of  his  dynamos,  Mr. 
Edison  uses  a  rheostat  composed  of  a  number  of  frames  of  the 
form  shown  in  fig.  528,  placed  in  a  box  with  brass  plates  and  con- 
tact lever,  similar  to  that  just  described.  Each  frame  represents 
a  fixed  resistance,  and  by  turning  the  lever  one  or  more  frames 
may  be  thrown  into  circuit 

Weston's  field  rheostat. 

The  field  rheostat  used  in  the  Weston  system  of  arc  and  in- 
candescent lighting  consists  essentially  of  a  number  of  thin, 
fiat  rectangular  boards,  with  notched  edges,  wound  with  German 
silver  wire  of  large  diameter.  The  boards,  which  are  separated 
from  each  other  by  thin  strips  of  wood,  in  order  to  allow  the  air 
to  circulate,  are  bound  together  by  a  metal  frame,  and  placed 
in  a  black  walnut  box.  On  the  face  of  the  box  a  number  of 
wedge  shaped  brass  strips — 65  to  130,  according  to  the  size  of 
the  rheostat — are  arranged  in  the  form  of  a  circle.  These  strips 
are  about  2  inches  long  and  ^  of  an  inch  wide,  and  are  separated 
from  each  other  by  about  ^g  of  an  inch.     A  brass  lever  which 
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is  broken,  contact  willi  the  next  is  made.    Continuity  of  the 
circuit  is  thus  jn"eservcd. 

Weston's  laboratory  rheostat. 

Fig.  624  shows  a  form  of  heavy  current  rheostat,  designed 
by  Mr.  Edwani  Weston  for  use  in  laboratories  and  electrical- 
worksho|)s.  It  consists  of  thirty  wooden  sticks,  each  about  three 
feet  long  by  one  inch  square,  mounted  on  a  circular  wooden 
base,  with  a  corresponding  circular  cover  or  top.  Each  stick  is 
notched  or  cut  at  right  angles  to  its  length  at  about  every  half 
inch.  In  these  notches,  as  shown  in  the  figure,  German  silver  wire 
of  suitable  diameter  is  wound  double,  after  the  method  usually 
adopted  in  standard  resistance  coils,  called  differential  winding. 
Galvanometer  needles  in  its  vicinity  arc  not,  therefore,  ailected 


J-'ig.  62b. 

by  currents  circulating  in  this  rheostat,  Thirty  brass  contact 
plates,  corresponding  to  the  thirty  sticks,  form  a  circle  about  the 
top  and  olasG  to  the  edge  of  the  cover.  A  movable  arm  carry- 
ing a  platinum  faced  spring  slightly  narrower  than  the  contact 
plates,  moves  over  the  latter.  The  width  of  the  spring  prevents 
contact  with  one  plate  being  broken  before  contact  with  the  next 
is  made.  The  resistance  of  the  wire  on  each  stick  varies  from 
one  tenth  of  an  ohm  to  6  ohms  or  more.  In  some  of  these  rhe- 
ostats all  the  sticks  are  one  tenth  of  an  ohm  each,  and  in  others 
they  are  all  one  ohm  each.  The  wires  are  connected  to  the 
contact  strips  in  the  manner  shown  by  the  sectional  drawing, 
flg.  525,  which  also  shows  the  arrangement  of  the  sticks.    The 
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position  of  the  sticks  permits  of  the  free  circulation  of  air, 
aud  OS  very  large  wire  may  be  used,  currenu  of  six  or  eight 
ampt^res  can  bo  carried  by  this  rheostat  without  causiDg  serious 
beating. 

Weston's  RraBox  kheostat. 

This  is  a  very  durable  and  serviceable  rheostat  in  which  the 
resistances  are  of  German  silver  riblwns,  as  shown  in  plan  in 
fig.  626  and  in  section  in  fig.  627.  It  consists  of  a  heavy  up- 
right frame,  enclosing  a  wide  board,  upon  which  the  devices 
supporting  the  ribbons  are  mounted.  In  a  line  along  the  upper 
edge  of  the  board,  and  as  clo^  together  as  practicable,  brackets 
'of  cast  brass,/  are  screwed,  the  upper  portions  of  which  act  as 
contact  surfaces  Along  the  lower  end  of  the  board  and  cor- 
responding in  number  and  position  to  the  upper  castings  a  sec- 
ond row  of  brackets,  G,  are  clamped.  Stout  spiral  springs,  S, 
are  made  fast  to  the  opposite  ends  of  the  bars  of  these  brackets, 
and  their  free  ends  attached  to  insulated  pins,  7,  The  conduc- 
tor couaista  of  a  long,  flat  strip  or  ribbon,  A,  of  Geiman  silver. 
One  end  is  secured  to  tho  bar  of  the  first  upper  bracket,  and  is 
then  carried  alternately  under  jhe  ping  attached  to  the  gprings 
and  over  tlie  upper  castings  in  regular  order,  until  all  the  upper 
and  lower  brackets  are  oonnectetl  The  firet  one  of  the  ficries 
of  upper  brackets  is  connected  by  a  thick  metnl  strip  with  & 
binding  post,  P,  and  on  the  opposite  side  of  the  board  are 
arranged  brackets,  contacts,  and  a  ribbon,  exactly  corres[x>nding 
to  that  described.  Along  the  upper  edge  of  the  frame  is  ft 
metal  guide,  D,  upon  which  a  metal  block,  B,  slides.  Kods 
depending  from  either  side  of  the  block  carry  brushes,  C,  which 
ran  over  the  contact  surfaces,  and  a  binding  post,  P',  is  set  in 
the  block.  Along  the  upper  surface  of  the  metal  guide  is  a 
scale,  shown  in  plan  in  fig.  528,  by  means  of  which  the  resist- 
ances corresponding  to  different  j>ositiona  of  the  block  are  ascer- 
tained. If  one  end  of  a  circuit  be  connected  to  the  binding  post, 
P',  on  the  block,  and  the  other  end  with  either  ot  tlio  end  bind- 
ing posts,  PP,  aa  much  resistance  will  be  introduced  into  the 
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circuit  aa  lies  between  the  end  binding  post  and  the  bracket 
in  contact  with  the  brush,  C,  on  that  side.  If,  however,  the 
circuit  be  connected  to  the  two  end  binding  posts,  P  P,  twice 
as  much  resistance  will  be  introduced  in  the  circuit,  for  the 
path  of  the  current  will  then  be  from  one  end  binding  post 
through  the  ribbon  to  the  brush  on  that  side,  then  through  the 
block  and  out  of  the  brush  on  the  other  side,  back  through  the 
ribbon  to  the  other  end  binding  post.  Again,  by  attaching  one 
end  of  the  circuit  to  both  end  binding  posts,  and  the  other  end 
to  the  block  binding  post,  the  ribbons  are  connected  in  multiple 
circuit  and  the  resistance  for  a  given  position  of  the  block  will 
be  one  half  what  it  was  in  the  first  case,  or  one  quarter  of  the 
resistance  in  the  second  case,  Tlie  largo  surface  of  metal  ex- 
posed to  radiation  enables  this  rheostat  to  cany  very  large  cur- 


rents without  its  temperature  being  greatly  raised.  On  the 
other  hand,  should  it  become  heated  sufficiently  to  cause  con- 
siderable expansion,  the  springs  will  take  up  the  slack  of  the 
ribbon  and  prevent  short  circuiting. 


WESTON  S   FIELD   EXPLORER. 

Mr,  Edward  Weston  has  devised  a  very  ingenious  instrument 
for  investigating  the  distribution  of  magnetism  in  the  field 
magnets  of  dynamo  electric  machines.  Fig.  629  shows  the  in- 
strument ready  for  use.  It  consists  of  a  miniature  Weston  ar- 
mature, the  shaft  of  which  is  extended  on  the  commutator  side 
for  several  inches,  and  passes  through  a  wooden  handle,  within 
which  its  bearings  are  placed.  The  opposite  end  of  the  shaft  is 
attached  to  a  convenient  length  of  Stowe's  flexible  shafting 
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(such  03  is  used  in  dental  apparatus),  -wMch  allows  of  the  arma- 
ture being  moved  about  as  desired.  The  other  end  of  Uits 
flexible  shaft  passes  through  a  bearing,  so  arranged  that  it  may 
be  attached  to  any  suitable  support,  and  carries  a  small  pulley. 
By  means  of  this  pulley  a  constant  vekxiity  of  rotation  is  given 
to  the  armature,  which  is  Aen  brought  within  the  field  of  foroe 
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lect  measure  of  the  strength  of  the  magnetic  field  at  the  point 
in  which  the  armature  rotates.  By  means  o£  this  instrument 
the  intensity  throughout  the  field  of  force  of  any  dynamo 
electrio  machine  may  be  readily  plotted. 

MAGNETO  TESTING   BELLa 

Magneto  call  bells,  such  as  are  used  in  connection  with  tele- 
phone systems,  are  sometimes  employed  for  testing  the  con- 
tinuity, and,  in  a  rough  way,  the  insulation  of  lighting  circuits 
during  construction.  Their  portability  and  simplicity  render 
them  serviceable  to  linemen  and  others,  although  they  do  not 
in  any  degree  take  the  place  of  the  galvanometer  and  rheostat. 
When  the  cranks  are  turned  at  about  200  revolutions  per  minute 
these  bells  will  ring  through  a  resistance  varying  from  1,000  to 
10,000  ohms,  according  to  size  and  construction.  They  will, 
therefore,  indicate  leaks  of  such,  or  less,  resistance,  but  do  not 
measure  them.  By  moving  these  magnetos  from  place  to  place, 
or  by  opening  the  circuit  at  different  points,  grounds  may  be 
located. 

Fig.  530  shows  the  internal  arrangement  of  a  form  of  magneto 
and  bell  designed  specially  for  testing  lighting  circuits  by  C.  J. 
H.  "Woodbury.  It  consists  of  a  Siemens  armature  of  400  ohms 
resistance  in  the  field  of  five  horseshoe  magnets.  The  armature 
is  revolved  from  a  driving  wheel,  provided  with  a  hand  crank, 
by  means  of  a  belt  which  passes  around  an  adjustable  guide 
pulley.  There  is  no  commutator,  and  the  alternating  current 
passes-  through  a  sensitive  polarized  electro  magnet  which  ac- 
tuates an  armature  vibrating  between  two  gong  bells.  Two  flexi- 
ble conductors,  with  spring  clips  for  making  connections,  arc 
wound  on  reels  contained  in  the  enclosing  box.  At  200  revolu- 
tions of  the  crank  per  minute  this  magneto  will  generate  an  elec- 
tro motive  force  of  about  seven  volts,  and  the  bell  will  ring 
through  7,000  ohms  external  resistance.  The  whole  is  contained 
in  a  case  eight  inches  long  and  four  wide,  and  weighs  three 
pounds. 
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produce  a  deflection  of  1",  will  be  represented  by  tbe  quotient  of 
C  -j-  (£  This  value  is  called  the  constant  of  the  instrument  When 
each  division  of  the  scale  of  the  galvanometer  has  been  multi- 
plied by  the  constant,  the  value  in  amperes  of  each  division 
will  have  been  calculated,  and  if  the  corr^ponding  products  be 
marked  upon  the  scale,  or  otherwise  conveniently  tabulated,  the 
instrument  is  said  to  have  been  calibrated.  Voltmeters,  by  sub- 
stituting electro  motive  force  for  current,  are  calibrated  in  the 
same  manner.  The  constant  of  an  ammeter  may  be  determined 
by  any  of  the  methods  employed  for  measuring  current  strength, 
and  the  measurement  of  current  strength  is  always  involved  in 
the  operation.  Similarly  the  measurement  of  electro  motive 
force  is  the  first  requisite  for  calibrating  a  voltmeter. 

There  are  six  general  methods  by  which  the  strength  of  a  cur- 
rent can  be  measured,  viz. :  I.  By  a  calibrated  galvanometer. 
n.  By  calculation  from  electro  motive  force  and  resistance.  III. 
By  electrolysis.  IV.  By  the  chemical  action  in  a  voltaic  cell. 
V.  By  its  heating  effects.  VI.  By  calculation  from  the  dimen- 
sions of  a  tangent  galvanometer. 

The  first  two  methods,  which  are  also  employed  in  measuring 
electro  motive  force,  are  ordinarily  used  on  account  of  the  facil- 
ity with  which  they  can  be  applied.  The  third,  fourth  and 
fifth  are  employed  where  accurate  results  are  required,  and  the 
sixth  method  is  occasionally  resorted  to  in  physical  laboratories 
where  dimensions  and  conditions  can  be  accurately  ascertained, 
chiefly  as  a  check  on  the  others.  These  six  methods  of 
measuring  current  strength,  together  with  the  first  two  for  meas- 
uring electro  motive  forces,  as  applicable  to  the  determination 
of  galvanometer  constants,  will  be  described  in  the  order  in 
which  they  have  been  stated. 

L    BY   COMPARISON  WITH   A  STANDARD   GALVANOMETER. 

CJonnect  together  in  simple  circuit  (fig.  631)  a  calibrated 
galvanometer,  Gi,  &  battery  or  dynamo  electric  machine,  E,  and 
the  galvanometer,  G-,,  whose  constant  is  required.     Note  the 


836 


ELECTBICAL  MEASUBEMEMT. 


Strength  of  current,  C,  as  indicated  by  the  standard  galvanometer^ 
and  observe  the  deflection  produced  in  the  second  galvanometer ; 
calling  the  latter  d,  then 

Q 

CoDStant  =  — 

and  for  a  tangent  galvanometer 

n 
CoDBtainl)  = 


tan.  d. 


Representing  the  constant  by  A;,  the  value,  C„  in  amj^^res  of 
any  other  deflection  rf,  will  be 

and  for  a  tangent  galvanometer 

Oi  =  it  tan.  d^. 


<E> 


G2 

— <D— 

Fii;.   531. 

An  adjustable  resistance,  R,  of  -which  no  account  is  to  be  taken 
in  the  formula,  may  be  placed  in  the  circuit  to  vary  the  strength 
of  the  current  so  as  to  give  any  convenient  deflection  of  either 
giilvanometer. 

This  method  is  employed  as  follows  for  measuring  electro 
motive  force:  When  the  standard  galvanometer  has  been  cali- 
brated in  volts,  the  second  galvanometer  may  be  calibrated  for 
electro  motive  force  by  the  method  shown  in  fig.  532.  Con- 
nect the  terminals  of  both  the  standard  galvanometer  and  the 


HEASUBEHENT   OP  CUBBEMT  STBENOTH. 


837 


galvanometer  to  be  calibrated  to  two  points  in  a  circuit  in  which 
a  current  is  flowing — for  instance  around  an  incandescent  lamp — 
or  to  the  end  of  a  battery.  Kote  the  electro  motive  force  as 
indicated  by  the  standard  galvanometer  and  also  observe  the 
deflection,  c^  of  the  second  galvanometer.  Letting  K  represent 
the  electro  motive  force, 


Constant  =:  - 


B, 


and  for  a  tangent  voltmeter 


Constant  =  — 

tail.  U' 


Fig.  632. 


If,  as  before,  the  constant  is  represented  by  jfc,  the  value  E* 
of  any  other  deflection  (fj,  in  volts,  will  be 

El  =  ft  d„ 

and  for  a  tangent  voltmeter 

Ej  =  Jfc  taa  rfj. 

In  calibisting  an  instrument  by  this  method  it  should  be  re- 
membered that  the  constant  of  the  standard  galvanometer  may 
be  more  or  less  altered  by  removing  it  from  the  spot  on  which 
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it  was  calibrated.  The  prozimitj  o{  iroa  or  of  wires  carrying 
carr«nta  would  be  liable  to  affect  its  accuracy,  and  if  of  the  per- 
manent magnetic  field  class,  any  variation  in  the  stcength  of  the 
magnet  woold  have  a  similar  result 


n.  BT  OALOUIATIOK  FBOK  ELECTBO  UOTITE  FOBOS  AND 
BESI3rANC& 

Insert  the  galvanometer  in  a  circuit  in  which  the  electro  mo- 
tive force  and  resistance  are  known  or  can  be  measured,  and 
note  the  deflection,  dL  If  tlie  resistance  ia  B  ohms  and  the  elec- 
tro motive  force  E  volts,  the  strength  in  amperes  of  the  current 
producing  the  deflection  wiU  be 


whence 


-t 


Conatant  =  9. 


For  example,  connect  the  galvanometer  with  the  standard 
Baniell  cell  (described  on  page  778),  together  with  a  small 
adjustable  resistance.  The  electro  motive  force  of  the  cell  may 
be  taken  as  1,079  volts.  Supposing  the  galvanometer  resistance  to 
be  so  small  as  to  be  disregarded,  it  is  first  necessary  to  determine 
the  internal  resistance  of  the  cell ;  this  may  be  done  approxi- 
mately by  noting  the  deflection,  first,  c?  when  only  the  battery 
resistance,  r,  is  in  circuit,  and,  second,  rfj  when  an  additional  re- 
sistance, r,  (say  one  or  two  ohms),  has  been  inserted.  If  the  de- 
flections are  proportional  to  the  current  strength 

"-d-d,. 

Hence,  if  the  inserted  resistance  is  so  adjusted  that  the  second 
deflection,  rf^,  is  equal  to  ij-  d, 
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The  total  resistance  of  the  circuit  is  then  r  -(-  r,  and 

1.679 


and 


C  = 


G 
Constant  =  -— 


With  the  battery  resistance  only  in  circuit 

r. 

If  the  galvanometer  has  an  appreciable  resistance  it  should  be 
subtracted  from  the  above  values  for  r,  and  added  to  the  total 
resistance  of  the  circuit  in  the  formulas. 

The  constant  of  any  galvanometer  whose  deflections  are  pro- 
portional to  the  currents  producing  them  is  equal  to 

d  — d, 

d  ci„ 

where  E  is  the  electro  motive  force  and  d,  d^^  the  deflection  pro- 
daced  by  this  electro  motive  force  through  a  small  and  large  re- 
sistance respectively.  For  a  tangent  galvanometer  the  tangents 
o£  the  angles  of  deflection  would  be  substituted  for  the  deflec- 
tion, thus : 

,  tan.  d —  tBD.  d, 


Constant  =  E 


tan.  d  X  tan.d(. 


The  Ayrton  and  Perry  commutator  ammeter  is  provided  with 
a  resistance  coil  of  one  ohm  for  its  calibration  by  the  above 
method.  It  is  thrown  in  circuit  by  the  removal  of  a  small  plug 
in  the  base  of  the  instrument  Their  commutator  voltmeter  is 
also  provided  with  a  similar  coil  equal  to  the  resistance  of  the 
instrument  when  in  parallel  circuit. 

To  calibrate  the  ammeter,  the  commutator  is  turned  to  series, 
and  a  current  sent  through  the  instrument  by  a  cell  of  known 
electro  motive  force,  K,  but  of  unknown  resistance,  producing, 
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say,  a  deflection,  d;  the  plug  is  now  taken  ou^  and  a  aeoond 
deflection,  d^^  obtained.  From  thia  it  can  easily  be  abown  that  & 
oamntol 


10  -j-j— '^B  impiMi 


•mSi  prodnoe  10^  deflection  when  the  oommntator  is  in  series,  or 
10  deflection  when  the  commutator  is  to  parallel 

To  calibrate  the  voltmeter,  the  commutator  is  turned  to 
parallel,  and  a  current  sent  through  the  instrument,  and  the  de- 


r 


-<wm?ro^ 


M. 


/y?.  533. 

flection  produced  when  the  plug  is  iu  and  out  noted  as  before. 
Then 

d  — d, 
10  ~d  d7"  E  Tolta 

between  the  terminals  of  the  instrument  will  produce  a  deflection 
of  10**  when  the  commutator  is  parallel,  or  1"  when  to  series. 

A  second  method  of  determining  current  strength  from  electro 
motive  force  and  resistance,  based  on  the  principle  of  balancing 
oppt^ed  electro  motive  forces,  is  as  follows :  A  wire,  M  M  (fig. 
583),  whose  resistance,  r,  between  the  points,  A  B,  can  be 
measured,  is  carrying  the  current,  C,  whose  strength  is  required. 
Between  the  two  points,  A  and  B,  and  in  derivation  with  r,  a 
second  circuit  containing  the  galvanometer,  G,  and  the  standard 
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Daniell  cell  E  is  placed.  The  electro  motive  force  of  the  stand- 
ard cell  is  opposed  to  the  difference  of  potential  between  the 
points  A  and  B.  If  these  points  are  adjusted,  by  being  moved 
closer  together  or  further  apart,  until  there  is  a  suitable  resistance 
between  them,  the  galvanometer  needle  will  stand  at  zero.  When 
this  condition  is  established,  the  difference  of  potential  between 
the  points  A  B  is  equal  to  the  electro  motive  force  of  the  cell, 
and  therefore 

Cr=  1.079 

whence 

0  =  1^ 
/■. 

The  galvanometer  may  now  be  inserted  in  the  circuit  M  M, 
its  deflection  d  noted,  and  the  constant  calculated  in  the  usual 
manner,  viz: : 

ft   -^ 

By  a  slight  extension  of  the  above  method,  the  current  flowing 
in  a  wire  may  be  accurately  measured,  when  the  potential  be- 


4 


Q 


f^ 


-».c 


Fig.  634. 

tween  the  two  points  to  which  the  galvanometer  and  standard 
cell  are  connected  differs  by  only  a  fraction  of  a  volt  In  fig. 
534,  A  B  is  the  wire  carrying  the  current,  0,  to  be  measured.  The 
standard  cell,  E,  is  closed  through  a  high  resistance,  r  r,  (of,  say, 
1000  ohms).  One  end  of  the  battery  is  also  connected  to  the 
point  a  in  the  large  wire,  and  at  another  point,  6,  a  connection  is 
made  with  the  resistance,  r  r^.  This  latter  connection  is  moved 
along  r  r^j  until  the  needle  of  the  galvanometer  stands  at  zera 
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If,  now,  the  electro  motive  force  between  a  and  6  is  repreeeoted 
by  e  the  f oUowing  ratio  eixista. 

d:  K  =  r;  r  +  r, 

and  if  the  resiatanoe  between  a  and  &  is  B  ohma, 

Galvanometers  may  be  similarly  calibrated  for  electro  motive 
force  by  calculation  from  current  strength  and  resistance.  In 
fig.  686  the  strength  of  the  current  C  flowing  in  wire  M  M  is 


B 


M. 


WiWiKKKKmmhm 


G2 


M. 


Fig.  536. 

measured  by  the  galvanometer  Gj.  To  the  pointa  A  B  in  this 
wire  the  voltmeter  G^  to  be  calibrated  is  connected,  and  its  de- 
flection, d,  noted.  The  resistance  of  the  conductor  (wire  or  lamp) 
between  the  points  A  B  is  r;  therefore 

E  =  Or 
and 


III. — BY   ELECTROLTSIS. 


The  copper  voltameter,  fig.  536,  consisU  oi  a  vessel  containing 
a  saturated  solution  of  sulphate  of  copper,  in  which  two  thin 
sheets  of  pure  copper,  A  and  K,  are  immersed     A  current 
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passing  through  the  celi  from  -|-  to  —  electrolizes  the  sulphate 
of  copper  solution,  and  the  anode,  A,  is  slowly  dissolved,  while 
the  kathode  K  receives  an  equal  quantity  of  copper  as  a  deposit 
upon  its  surface.  A  zinc  voltameter  consists  of  similar  plates 
of  zinc  immersed  in  a  saturated  solution  of  sulphate  of  zinc. 
When  a  current  is  passed  through  the  voltameter  the  anode  dis- 
solves and  the  kathode  gains  an  equal  quantity  of  zinc.  The 
weight  of  metal  dissolved  in  any  voltameter  is  proportional  to 
the  quantity  of  current  and  to  the  electro  chemical  equivalent 
of  the  metal  employed  (see  page  786). 

To  calibrate  a  galvanometer  by  electrolysis  it  is  connected  in 
series  with  a  voltameter  and  battery  or  dynamo  adjusted  to  give 


Fig.  536. 

a  convenient  deflection.  If  the  electro  motive  force  is  at  all 
inconstant  it  is  best  to  have  also  a  rheostat  in  circuit  in  order  to 
keep  the  deflection  constant  The  plates  of  the  voltameter  hav- 
ing been  carefully  cleaned  and  weighed,  are  then  placed  in  the 
cell  and  the  circuit  closed.  The  time  during  which  the  current 
flows  should  be  accurately  noted,  as  also  the  galvanometer 
deflection,  which  latter  should  be  kept  constant  by  means  of  the 
rheostat.  The  plates  are  then  removed,  carefully  washed  and 
dried  with  alcohol,  after  which  they  are  again  accurately  weighed 
and  the  loss  in  weight  of  the  anode  and  gain  in  weight  of  the 
kathode  computed.     The  gain  and  loss  ought  to  be  equal,  but 
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this  is  not  always  the  case,  owing  chiefly  to  strippicg  of  the 
kathode.  The  loss  in  weight  of  the  anode  is  therefore  generally 
taken  as  the  weight  of  metal  transferred. 

The  strength  of  the  current  is  calculated  from  the  fonnola 


at. 


wrhere  W  —  weight  in  grammes  of  met&l  dissolved ; 

a  =.  electro  chemical  equivalent  of  the  metal;  and 
t  —  time  in  seconds  during  which  the  current  flowed- 
The  deflcotion,  d,  of  the  galvanometer  having  been  observed, 


k  =- 


The  value,  a,  for  various  metals  is  given  in  the  table  on 
784.  Its  value  for  copper,  for  example,  is  -0008276,  and  for 
zinc  plates  a  would  be  equal  to  *0003407.  The  zinc  voltameter 
will  give  eitremely  uniform  results  if  electro  dep<)sited  zinc  and 
chemically  pure  zinc  sulphate  are  used.  It  is  best  to  boil  the 
latter  with  chi|>s  of  metallic  zinc  before  iising. 

When  water  is  electrolized  the  volume  of  the  gases  liberated 
is  proportional  to  the  current  strength.     The  water  voltameter 
consists   primarily  of  two  platinum  electrodes  immersed  in  a 
vessel  of  water  to  which  a  small  quantit3''of  sulphuric  or  hydro- , 
chloric  acid  has  been  added  to  reduce  its  resistance;     Fig.  637^ 
shows  the  method  of  arranging  the  water  voltameter  for  measur- 
ing current  strength,  where  E  represents  the  battery  or  current 
generator;  K,  the  variable  resistance  for  adjusting  the  current; 
G,  the  galvanometer  to  be  calibmtcd ;  V,  the  voltameter  plaoedj 
in  W;  W*,  the  water  tank  kept  at  one  temperature;  P,  the 
bent  pipe  for  conducting  mixed  gases,  H,  and  O,  over  to  C; 
C,  the  cubic  centimetre  vessel,  say  250  or  1,000 ;  W,  another 
water  tank  kept  at  one  temperature ;  t^,  t*,  two  oentigrade  ther- 
mometers ;  B,  the  standard  barometer. 

The  mixed  gases  arc  collected  by  displacement  in  C,  a  vc 
of  known  capacity.    The  time  required  to  fill  the  vessel  being 
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per  second  by  1  ampere ;  273,  constant  for  variation  of  volume 
of  a  giw  with  icrnperature ;  760,  standani  barometric  pressure. 

For  measuring  heavy  cunvnts  the  voltameter  electrodes  must 
be  large  and  not  very  far  apart  Having  noted  the  deflection,  d, 
of  the  galvanometer,  its  constant  will  be 

* — u 
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IV. — BY  THE   CHEMICAL  ACTION   IX   A  VOLTAIC  CELL. 

Tills  method,  whicli  is  an  extremely  accurate  one  in  careful 
hands,  only  requires  a  Daniell  celL  For  calibrating  low  resist- 
ance galvanometers  the  cell  should  be  large,  so  as  to  have  but 
little  resistance  in  order  to  give  a  considerable  current  A  good 
form  of  cell  has  an  oblong,  flat  sided  porous  cup  containing  a 
broad,  thin  sheet  of  pure  zinc  in  a  nearly  saturated  solution  of 
zino  sulphate.  This  plate  should  be  perfectly  amalgamated, 
great  care  being  taken  to  remove  all  superfluous  mercury,  as  the 
loss  of  a  small  globule,  after  weighing,  would  materially  affect 
the  results.  The  outer  jar  containing  the  porous  cell  is  filled 
with  a  saturated  solution  of  pure  copper  sulphate,  in  which  are 
immersed  two  large  plates  of  copper,  one  on  each  side  of  the 
porous  cell  and  very  close  to  it,  but  not  in  contact.  The  two 
copper  plates,  which  should  be  well  cleaned,  are  connected  to- 
gether and  form  the  negative  electrode.  The  porous  cell  should 
be  soft  and  perfectly  clean,  to  insure  which  it  is  well  to  soak  it 
in  pure  water  for  some  time  before  using.  The  zinc  plate,  after 
having  been  carefully  weighed,  is  placed  in  the  porous  cell  and 
the  galvanometer  to  be  calibrated  is  connected  to  the  battery. 
As  the  electro  motive  force  of  the  cell  gradually  rises  a  little 
and  then  falls  oil,  it  is  best  to  have  a  sinall  sliding  wire  resist- 
ance in  circuit  in  order  to  keep  the  dellection  constant  The 
exact  time  of  closing  the  circuit  should  be  noted,  as  also  the 
time  of  opening  ;  one  to  two  hours  will  usually  suffice  to  reduce 
an  accurately  weighable  quantity  of  zinc.  The  deflection,  (/, 
having  been  kept  uniform  by  means  of  the  wire  resistance,  at 
the  end  of  the  time,  t,  the  zinc  plate  is  removed,  quickly  and 
carefully  washed,  dried  and  weighed.  The  loss  in  weight,  W, 
in  grammes  having  been  computed,  the  strength  of  the  current 
is  eqaal  to  w 

where  a  is  the  electro  chemical  equivalent  of  zinc  and  is  equal 

to  0'340725  milligrammes  per  amp6re.     For  the  galvanometer 

constant  c 

*-7. 
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V. — Br  ITS  HEATING  EFFECT. 

The  number  of  gramroe  degree  centigrade  units  of  heat  de- 
veloped by  a  current  is  proportional  to  the  square  of  the  strength 
of  the  current,  to  the  time  which  it  lasts,  and  to  the  resistance  of 
the  conductor.  The  number  of  heat  units  developed  by  a  cur- 
rent in  any  portion  of  a  conductor  is  proportional  to  the  resist- 
ance of  that  portion.  "When  the  current  strength,  resistance  and 
time  are  known  the  quantity  of  heat  may  be  calculated  from 

the  formula 

H  =  0*  R  *  X  0-2406  boat  unita (1). 

The  heat  generated  by  a  current  can  be  measured  directly  by 
means  of  a  calorimeter.     One  form  of  this  instrument,  shown  in 


Fig.  638. 


fig.  688,  consists  of  a  glass  vessel  containing  alcohol,  in  which  a 
thin  wire  of  known  resistance  is  submerged,  its  ends  being  con- 
nected to  heavy  conducting  wires.  A  delicate  thermometer  also 
dips  into  the  alcohol  When  a  current  is  sent  through  the  calori- 
meter wire  for  t  seconds  it  becomes  heated,  imparts  heat  to  the 
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alcohol  and  raises  the  temperature  of  the  latter  from  T°  to  Tj** 
centigrade.  If  W  represents  the  weight  in  grammes  of  the  al- 
cohol, and  s  its  specific  heat,  the  quantity  of  heat  developed  in 
the  calorimeter  will  be 

H  =  ^'X(T,-T)  ^^^  units.. ..(2). 
Combining  formulas  1  and  2,  by  obvious  tranaformationB : 


^  =    'r  (  X  02406.  "^P^™^ (3>- 

That  is  to  say,  having  measured  the  heat  imparted  to  the 
calorimeter  by  a  current  of  unknown  strength,  C,  and  knowing 
the  resistance,  R,  of  the  thin  wire,  the  value  of  C  ia  amperes 
may  be  calculated  by  formula  S. 

It  is  obvious  that  the  containing  vessel,  which  is  originally  at 
the  temperature  of  the  alcohol,  shares  its  increase  of  temperature, 
and  in  accurate  experiment  this  must  be  allowed  for.  If  the 
weight  of  the  vessel  be  to  and  its  specific  heat  jj,  w  Sj  is  equal 
to  the  weight  of  water,  which  would  absorb  the  same  quantity 
of  heat  as  the  vessel.  This  is  said  to  be  the  water  equivalent  of 
the  vessel,  and  its  value  should  be  added  to  W  in  formula  3. 
The  expression  accordingly  becomes 


(Ws  -^-  w  Si)  (T,— T) 
*^  =  R  t  X  0-2403.  ™pdre8.  .(4). 

In  accurate  experiments  it  is  necessary  also  to  allow  for  the 
heat  absorbed  by  the  calorimeter  wire,  and  by  the  glass  and 
mercury  of  tlie  thermometer,  by  introducing  into  the  equation 
their  values  reduced  on  the  same  principle. 

In  order  to  allow  for  the  loss  of  heat  due  to  radiation,  a  pre- 
liminary experiment  is  made,  the  only  object  of  which  is  to 
ixscertain  approximately  the  increase  of  temperature  of  the  alco- 
hol. If  this  increase  be  10°,  for  example,  the  temperature  of 
the  calorimeter  is  reduced  by  iialf  this  number — that  is  to  sav, 
5®  below  the  temperature  of  the  atmosphere — and  the  test  is 
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then  carried  out  in  the  ordinary  manner.  By  this  method  of 
compensation  the  water  receives  as  much  heat  from  the  atmos- 
phere during  the  iirst  part  of  the  test  as  it  loses  by  radiation 
during  the  second  part 

For  measuring  very  heavy  currents  and  calibrating  high  range 
galvanometers,  a  modified  form  of  calorimeter  may  be  employed. 
For  this  purpose  the  containing  vessel  is  made  of  thin  sheet 
aanc,  cylindrical  in  form,  and  with  a  capacity  of,  say,  50  to  100 
pounds  of  water,  according  to  the  strength  of  the  current  to  be 
measured.  The  vessel  is  filled  with  distilled  water,  which  has 
a.  much  lower  conducting  power  than  impure  water,  and  a  Ger- 
man silver  wire  10  to  20  feet  long,  in  the  form  of  a  large  spiral, 
is  suspended  therein.  The  wire  is  of  such  a  diameter  as  to  have 
a  resistance  of,  say,  half  an  ohm,  but  the  best  resistance  to 
employ  is  determined  by  the  size  of  the  calorimeter  and  the 
strength  of  the  current.  The  resistance  of  the  wire  should  be 
the  same  in  the  water  as  out,  but  it  ought  to  be  measured  both 
in  and  out,  in  order  to  be  sure  that  there  is  no  conduction  of 
current  through  the  water.  The  specific  heat  of  water  is  unity 
at  0°  cent,  and  s  is  therefore  generally  omitted  from  formula  4 
when  the  water  calorimeter  is  employed.  When  great  accuracy 
is  sought,  its  specific  heat  at  the  average  temperature  to  which 
the  water  is  raised  may  be  taken,  and  the  resistance,  R, 
of  the  wire  should  also  be  measured  at  this  temperature.  The 
water  must  be  frequently  stirred,  in  order  that  its  temperature 
may  be  uniform  throughout  The  same  corrections  are  applied 
as  in  the  case  of  the  alcohol  calorimeter,  and  the  following  values 
may  be  taken : 

Specific  beat  of  average  Gennan  silver =  '092T 

Specific  heat  of  zinc =  '091i 

The  galvanometer  to  be  calibrated,  having  been  kept  in 
circuit  during  the  test,  and  its  deflection  observed,  its  constant 
is  calculated  in  the  usual  manner: 
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VL — FROM   DIMENSIOyS   OF  TAXGENT  GALVASOMETEB. 

If  the  radius  of  the  ring  of  a  tangent  galvanometer  is  repre- 
sented by  r,  and  a  current  of  unknown  strength,  C,  prtxlnces  a 
deflection  of  d  degrees,  the  value  of  C  may  be  calcolated  directly 
from  the  equation, 

C  =  H  X  *an.  d  X  1-59151  r  amperes, 

where  H  is  the  value  in  absolute  units  of  the  earth's  magnetic 
force. 

If  the  ring  is  composed  of  n  turns  of  wire,  the  expression 
becomes, 

^        TT                 .         1-59151  r  , 

C  =  H  X  'o»-  d  X — ampArea. 

n 

r  in  this  case  being  the  mean  radiua 

The  value  of  H  at  various  places  can  be  ascert^ned  by  refer- 
ence to  a  magnetic  chart.  It  is  best,  however,  to  determine  its 
value  at  the  time  the  test  is  made,  for  the  spot  on  which  the 
galvanometer  stands,  as  it  is  influenced  by  local  canse& 

SIMILAR   METHOD   WITH  ANY   GALVAXOMETEB. 

The  current  to  be  measured  is  passed  through  a  long,  straight 
copper  wire,  stretched  vertically.  A  small  compass  needle  is 
arranged  at  a  distance  equal  to  a  centimetres  from  the  vertical 
wire;  the  axis  of  the  wire  and  the  centre  of  the  needle  are  in 
the  same  magnetic  meridian.  Under  the  influence  of  the  cur- 
rent of  strength,  C,  the  needle  deviates  to  the  angle  d  degrees. 
If  a  has  only  a  length  of  a  few  centimetres,  and  the  wire  is  more 
than  a  metre  long  above  and  below  the  horizontal  plane  "which 
contains  the  magnetize  1  needle,  the  vertical  wire  may  be  con- 
sidered as  infinitely  long,  and 

C  =  H  X  (an.  d  X  6  a. 

where  H  is  the  horizontal  intensity  of  the  terrestrial  magnetism. 
By  making  the  coeiTicient  of  tan.  d  equal  to  unity,  by  placing 
the  needle  at  jif  centimetres  from  the  wire, 

C  =  (an.  d. 
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The  galvanometer  to  be  calibrated  would,  of  course,  have  to  be 
placed  in  some  portion  of  the  circuit  of  which  the  vertical  wire 
formed  a  part 

MEASUREMENT   OF   ELECTRO   MOTIVE   FORCE   BY   CONDENSER 

METHOD. 

"When  a  voltaic  cell  is  closed  through  a  resistance,  its  electro 
motive  force  is  not  the  same  at  its  terminals  as  it  is  when  open. 
This  change  is  due  to  two  causes :  the  polarization  of  the  elec- 
trodes, and  the  change  in  the  ratio  of  the  resistance  of  the  cell 
to  the  external  resistance.  The  internal  resistance  of  the  cell 
is  itself  also  subject  to  change.     By  comparing  the  throw  of  the 
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needle  of  a  mirror  galvanometer  when  a  condenser  charged  by 
a  known  electro  motive  force  is  discharged  through  it,  with  the 
throw  produced  by  the  same  condenser  when  charged  by  an 
unknown  electro  motive  force,  the  value  of  the  latter  may  be 
calculated.  This  method,  of  which  fig.  639  is  a  diagram  of  con- 
nections, avoids  the  difficulties  referred  to,  as  the  resistance  of 
a  condenser  is  practically  infinite.  Referring  to  the  diagram,  K. 
is  a  discharge  key,  C  a  condenser,  G  a  mirror  galvanometer,  and 
E  a  battery  of  known  electro  motive  force.     To  make  the  test, 
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close  K  for,  say,  10  seconds,  then  diiscbarge  the  condenser  and 
note  the  deflection  d  of  the  galvanometer.  Now  remove  E,  and 
in  its  pla<:e  connect  the  two  points  whose  diilerence  of  potential 
El  is  to  bo  ascertained.  Charge  for  10  seconds  and  discharge  as 
before,  calling  the  last  deflection  d^.     Then 

If  d  and  d^  differ  very  materially  the  following  correction  for 
resistance  of  air  should  be  applied  to  both,  viz.:  after  observing 
the  throw,  note  tlie  point  which  the  spot  of  Hght  reaches  in  its 
next  return.  The  correction  to  be  addod  to  the  first  deflection j 
is  ^  of  tho  difference  between  the  two  readings.  Obviously  the' 
two  points  referred  to  may  be  the  ends  of  a  lamp  or  other 
resistance,  tho  poles  of  a  battery  or  tho  terminals  of  a  dynamo 
electric  machine.  As  most  accurate  results  are  obtained  by 
comparing  electro  motive  forces  which  do  not  differ  widely, 
when  it  is  refiuired  to  measure  high  electro  motive  forces  it  is 
best  to  employ  a  number  of  cells  for  comparison.  A  few  of 
these  can  be  compared  with  a  standard  cell,  and  they  in  turn  with 
others,  until  the  total  electro  motive  force  of  the  cells  used  is 
ascertained. 

GilibrcUion  of  Klectfo  Dynamomettrs. 

Electro  dynamometers  may  bo  calibrated  for  current  an4  elec- 
tro motive  force  by  any  of  the  preceding  methods.  In  all  of  th« 
foregoing  testa  tlic  dynamometer  would  be  simply  substitutc<(] 
for  the  galvanometer,  and  the  torsion  (d®)  required  to  bring  its 
pointer  to  zero  observed.  The  constant  is  then  determined  in 
tbp  usual  manner 

ELECTltiC   LIGHT   UEASDREUENT. 

When  a  dynamo  electric  machine  is  driven  by  a  steam  eng'ine 
or  other  motive  power,  and  thereby  generates  a  current  which 
is  made  to  supply  a  circuit  of  arc  or  incandescent  lamps,   the 
energy  applied  to  the   armature  pulley  appears  as  heat  in  tho, 
machine,  conducting  wires  and  lamps.     A  portion  of  the  encirgy  ^ 
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absorbed  by  the  dynamo  is  expended  in  overooaing  the  friction 
of  the  armature  and  in  generating  wasteful  Foucault  currents  in 
the  armature  core  and  pole  pieces  of  the  field  magnets ;  the 
remainder  of  the  total  energy  absorbed  by  the  dynamo  is  con- 
verted into  elec^Gol  energy,  which  is  expended  in  overcoming 
the  electrical  resistance  of  the  circuit,  and  this  part  is  distributed 
in  direct  proportion  to  their  respective  resistances,  between  the 
dynamo,  conducting  wires  and  lamps.  The  amount  of  energy 
dissipated  in  any  part  of  the  circuit  may  be  computed  by  the 
following  formulas : 

If  the  energy  actually  applied  to  the  pulley  of  a  dynamo  elec- 
tric machine,  as  measured  by  a  dynamometer,  is  F  horse  power, 
and  it  requires  p  horse  power  to  drive  the  armature  at  the  same 
speed  on  open  circuit,  in  order  to  overcome  friction  of  bear- 
ings and  resistance  of  air,  the  energy,  W,  expended  in  turn- 
ing the  armature  in  the  magnetic  field  (assuming  the  friction 
to  be  the  same  in  both  cases)  will  be 

W  ^  P— 3»  horse  power (1). 

The  total  electrical  energy  developed  per  second,  by  a  dynamo 
electric  machine,  is  equal  to  the  product  of  the  difEerence  of 
potential  or  electro  motive  force,  E,  at  its  binding  posts  into  the 
strength  of  the  current,  C,  in  its  armature,  plus  the  product  of 
the  square  of  the  current  into  the  resistance,  r,  of  the  dynamo. 
Expressed  algebraically, 

E  0  +  C»  r 
Total  electrical  energy  =  =— H.  P (2). 

It  is  also  equal,  therefore,  to  the  square  of  the  strength  of  the 
current  into  the  total  resistance,  B,  of  the  circuit: 

Total  etectrlcal  energj  =  ^^  H.  P (3). 

The  internal  resistance  of  a  direct  circuit  machine  is  the  sum 
of  the  resistances  of  its  armature  and  field  magnets,  and  the 
current  strength  is  the  same  In  the  armature,  field  and  external 
circuit. 
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required  to  turn  the  armature  in  the  magnetic  field  is  W  horse 
power,  and  the  total  energy  applied  to  the  armature  pulley  is  P 
horse  power, 

__  ,               Total  electrical  energy         C  E  -^, 

EfficiencT  =  — ^ —- =: (7), 

_,    ^     ,    «  .                Total  electrical  energy         C  R  ,-. 

Electrical  efficiency  =  — 5i  -  ___  (8), 

_             .  ,    «,  .               Electrical  energy  in  external  circuit       C,  E  ... 

Commercial  efficiency  =  — ^^  =     '-g  . . . .(9). 

The  enei^y  expended  in  the  external  circuit  is  not  wholly 
utilized  in  the  lamps,  as  part  o£  it  is  wasted  in  overcoming  the 
resistance  of  the  conductors.  The  amount  so  wasted  is  propor- 
tional to  the  resistance  of  the  conductors,  so  that  if  the  latter, 
for  example,  is  10  per  cent  of  the  total  resistance  of  the  external 
circuit,  the  amount  of  energy  wasted  as  heat  in  the  conductors 
will  be  10  per  cent,  of  the  total  ^ergy  expended  in  the  external 
circuit 

Let  n  represent  the  number  of  lamps  in  a  circuit  and  r  the 
resistance  of  each  lamp,  R  being  the  resistance  of  the  conducting 
wires;  then,  when  the  lamps  are  in  series,  aa  in  the  arc  system, 
the  portion  of  the  total  energy,  p,  expended  in  the  external  cir- 
cuit, which  appears  in  the  lamps,  will  be 


.(10), 


^  R+  nr 

and  the  portion  lost  in  heating  the  conductors  will  be 
R 


R  +   »  : 


.(11). 


When  the  lamps  are  in  multiple  circuit,  as  in  the  ordinary  in- 
candescent system,  the  portion  of  the  total  energy,^,  in  the  ex- 
ternal circuit,  which  is  utilized  in  the  lamps,  is 


r 

n 


~r  =  p         (18). 

R+4  flR+r 


n 
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aBd  the  portion  wasted  in  the  condactOTS  ia 

' r  =^-4^— 413). 

B^-—  ■B-rr 

~  being  the  joiat  resistance  of  the  lamps. 
The  energy  expended  in  a  single  lamp  is  eqnal  to 

««wmtti=^  H.  P (14X 

where  c  is  the  correat  flowing  throogh  the  lamp,  and  «  is  the 
electro  motive  force  at  its  terminals. 

If  the  lamp  is  placed  in  a  photometer  and  its  average  illaml- 
nating  power  measared  and  found  to  be  t  candles,  then  the 
energy  expended  per  candle  will  be 

— ^wttts. (15X 

and  the  number  of  such  lamys  per  electrical  ho^  power  will 
be 

1  T« 


Horae  power  per  hunp  '--  e 


.(16)- 


DIRECT   CALCrLATIOX   OF   ELECTRICAL   EXEROY. 

From  Gihrimeter  Test — When  the  strength  of  a  current  has 
been  measured  by  the  calorimeter  method  (page  S47).  tlie 
amount  of  energy, />,  ap[>earing  in  the  calorimeter  maybe  cal- 
culated by  the  following  formula,  viz. ; 

p=  :?_Y '2_  ft.  lbs (IT). 

where  W  is  the  weight  of  water  in  pounds,  T  its  ri^e  in  tempera- 
ture in  degrees  Fahrenheit,  and  i  the  time  in  seconds  during 
which  the  current  llowe<^L  The  total  amount  of  eneigy  appear- 
ing in  the  circuit  will  be  equal  to 

P  =  i.  -^-  ft.  lbs.    =  JJL^JIL  ft  lbs. . .  .(18X 
r  rt  ^     " 

wlicre  r  represents  the  resistance  of  the  calorimeter  wire,  and  R 
is  the  total  resistance  of  the  circuit  (including  calorimeter). 
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Testi  of  WorHng  Circuits. — ^In  arc  light  circuits,  where  the 
lamps  are  in  series,  the  current  strength  is  kept  constant  and 
the  electro  motive  force  is  increased  or  diminished  as  lamps  are 
cut  in  or  out  of  circuit  la  order  to  detect  any  change  iu  the 
strength  of  the  current,  it  is  suiHcient  to  keep  an  ammeter  in  the 
circuit  "When  there  is  any  deviation  from  the  proper  deflec- 
tion, causeil  by  a  change  in  the  number  of  lamps^  the  electro 
motive  force  should  be  altered  until  the  required  deflection  is 
restored. 

Fig.  640  shows  a  direct  circuit  dynamo  supplying  a  number 
of  arc  lamps,  L  L,  in  series ;  tbo  strength  of  the  current  flowing 
through  the  circuit  is  measured  by  the  ammeter  G. 

In  incandescent  light  circuits,  where  the  lamps  are  burned  in 
jjarallel  circuit,  it  is  the  electro  motive  force  which  is  kept  con- 
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Btant,  the  current  strength  varying  with  the  number  of  lamps. 
To  measure  tlio  eleofro  motive  force,  it  is  only  necessary  to  con* 
nect  a  voltmeter  to  the  binding  screws  of  the  dynamo.  When 
the  deflection  of  the  voltmeter  varies  from  the  normal,  the 
dynamo  should  be  adjusted  until  tlte  standard  deflection  is  ob- 
tained. 

Fig.  641  shows  a  derived  circuit  dynamo  supplying  a  number 
of  incandescent  lamps,  L  L,  in  parallel  circuit  The  electro 
motive  force  at  the  terminals  of  the  dynamo  is  measured  by 
the  voltmeter  G. 

Many  electric  light  systems  have  automatic  devices  for  xvg- 
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iilating  the  electro  motive  force  and  current  strength  ;   but  it  is 

always  desirable  to  continuously  measure  both,  as  just  described, 

whatever  regulating  devices  mny  be  employed. 

Lamp  Measurtmenta, — The  resistance  o£  n  lamp  while  burning, 

coramouly  called  its  hot  resistance,  may  be  calculated  from  the 

formula, 

r=-l (19), 

c 

where  the  letters  have  the  same  signification  as  in  formula  14. 
In  the  case  of  au  arc  lamp,  the  application  of  formula  19  in* 
eludes  the  value  of  the  counter  electro  motive  force  of  the  arc 
lu  terms  of  resistance 


11 
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To  Meaaure  (he  EJficiejicij  of  an  Arc  or  Incandescent  Lamp. — The 
Uujip  being  placed  in  a  photometer  (fig.  6-42),  where  ius  illumi- 
uatiiig  power  can  be  measured,  it  is  connected  through  the  cur- 
rent galvanometer,  G,  to  tlie  battery  or  current  generator,  E,  and 
the  circuit  is  then  completed  through  the  tliree  point  switch  S,, 
The  electro  motive  force  at  the  terminals  of  the  lamp  is  meas- 
ured by  the  potential  galvanometer,  P,  which  may  be  throwa  in 
and  out  of  circuit  hy  means  of  the  switch  or  key,  K. 

The  hot  resistance,  t,  of  the  lamp  is  measured  by  the  method 
of  substitution,  for  which  purpose  the  adjustable  wire  resistance, 
or  rheostat,   K,   is  employed.     As  this  rheostat  may  become 
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heated  during  the  test,  a  second  three  point  switch,  S„  is  pro- 
vided, by  means  of  which  R  may  be  connected  to  a  Wheatstone 
bridge  and  its  resistance  accurately  determined. 

The  connections  having  been  arranged  as  above,  switch  Sj  is 
turned  to  the  right  and  E  adjusted,  until  the  desired  candle 
power,  1,  is  obtained.  The  strength  of  the  current,  C,  as  indi- 
cated by  the  galvanometer,  G,  is  now  observed,  and  key,  K, 
closed  long  enough  to  note  the  electro  motive  force,  c,  at  the 
terminals  of  the  lamp,  as  measured  by  the  voltmeter,  P. 

The  rheostat  is  now  substituted  for  the  lamp  by  turning  S^  to 


Fig.  642. 

the  left,  S,  being  already  on  the  right  contact,  and  adjusted  until 
the  current  strength  is  exactly  equal  to  0  as  before.  The  re- 
sistance of  R  is  now  accurately  measured  by  the  Wheatstone 
bridge,  to  which  it  may  be  connected  by  turning  switch  Sj  to 
the  left ;  the  value  thus  obtained  is  equal  to  the  hot  resistance 
of  the  lamp — that  is,  r  ^  R  The  efficiency  of  the  lamp  may 
now  be  calculated  by  means  of  the  preceding  formulas,  thus : 
Eaergj  expended  Id  lamp  (14)  ^  C  «  watts. 

C  c 
Energy  per  candle (16J  ^  —r  watts. 

Lamps  per  H.  P (le)  —  — 
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And  as  0  e  and  r  htkve  been  independently  measared,  the 
following  checks  may  be  applied,  viz. : 

■^  Blu)uld  b»  equal  to  r 
«a        "  "      "  G*r. 

TO   MSASUBE  THB   HOT  BESISTAKCE   OF  A   LAMP. 

Method  of  EgtioX  PotentiaU. — An  adjustable  resistance,  B  (^ 
54S),  is  connected  in  circuit  with  the  lamp^  L,  whose  resist* 
anoe,  r,  is  to  be  measured.     One  end  of  each  of  the  two  coils  o] 


a  differential  galvanometer,  G,  is  connected  to  the  junction  of 
L  and  R  The  remaining  ends  of  the  two  coils  of  the  galva- 
nometer are  connected,  one  to  the  opposite  terminal  of  the  lamp 
and  the  other  to  the  opposite  side  of  the  resistance.  The  resist- 
ance, R,  is  now  adjusted  until  the  needle  of  the  galvanometer 
remains  at  zero,  and  when  this  is  accomplished 

r  —  R. 
For  measuring  arc  lamps,  R  need  not  have  more  than  three 
or  four  ohms  resistance.     It  should  be  made  of  very  thick  wire 
and  be  capable  of  adjustment  to  a  small  fraction  of  an  ohm. 
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The  Weston  ribbon  rheostat  (page  828)  is  suitable  for  this 
purpose. 

To  measure  an  incandescent  lamp  by  the  above  method,  R 
should  have  a  resistance  greater  thnn  that  of  the  lamp,  and  the 
wire  should  be  of  such  a  diameter  as  to  be  capable  of  carrying 
the  current  required  by  the  lamp  without  appreciable  heating. 

It  is  evident  that  two  ordinary  galvanometers  could  be  sub* 
stituted  for  the  differential  galvanometer  in  the  above  test,  and 
if  this  was  done,  R  would  have  to  be  adjusted  until  the  current 
strength  was  the  same  in  both  galvanometers. 

The  potential   method  and  method  of  substitution,  as  de< 


scribed  above,  offer,  perhaps,  the  most  satisfactory  means  of 
measuring  with  a  rheostat  the  hot  resistance  of  an  arc  lamp, 
which,  of  course,  includes  the  resistance  equivalent  of  the 
counter  electro  motive  force  of  its  arc. 

The  following  methods  are  applicable  to  the  measurement  of 
the  resistance  of  an  incandescent  lamp  while  burning,  but  nre  not 
suitable  to  arc  lamps,  owing  to  their  unsteadiness  and  the  diffi- 
culties arising  from  shunting  the  strong  currents  which  they 
usually  require; 

Differential  Method, — The  current  galvanometer,  G,,  fig.  644, 
is  in  cireuit  with  the  lamp,  L,  whose  resistance,  r,  is  required* 
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Connected  in  derived  circuit  around  G-j  and  L  is  a  second  gal- 
vanometer, G,,  and  variable  resistance,  R.  This  latter  ia  ad- 
justed until  the  current  strength  as  indicated  byGj  and  G,  are 
equal,  when 


r  ^  B  ohma. 


The  two  coils  of  a  diflEerential  galvanometer  may  be  substituted 
for  Gj  and  G,,  in  which  case  R  should  be  adjusted  until  the 
aeedle  of  the  galvanometer  stands  at  zero. 


Mg.   545. 

Bridge  Method. — The  lamp,  L,  fig.  545,  whose  resistance,  r,  is 
to  be  measured,  is  in  circuit  with  an  adjustable  resistance,  R.  In 
derived  circuit  around  L  and  R  are  the  two  resistances  a  and  b. 
One  terminal  of  a  galvanometer,  G,  is  connected  to  the  junction 
of  L  and  R,  and  the  other  terminal  is  connected  to  the  junction 
of  a  and  b.  K  is  now  adjusted  until  the  needle  of  the  galva- 
nometer remains  at  zero,  when 


and  if  o  —  fr 


r  —  R  —  ohma, 
a 

r  ■—  R  ohma. 


Any  sensitive  galvanometer  can  be  employed  for  this  test,  and 
to  protect  it  from  strong  currents  it  may  be  shunted  until  a  rough 
balance  is  obtained. 
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Shunts, — When  strong  currents  are  to  be  measured  the  em- 
ployment of  shunts  is  to  be  avoided  if  possible,  as  the  unequal 
heating  of  the  shunt  wire  and  galvanometer  coil  may  prove  a 
source  of  error.  It  sometimes  happens,  however,  that  the  range 
of  the  galvanometer  at  hand  is  not  sufficiently  great  to  meet 
the  demands,  and  it  becomes  necessary  to  resort  to  a  shunt. 

If  a  current  galvanometer  having  Or  ohms  resistance  is  shunted 

by  a  wire  of  s  ohms  resistance,  and  the  strength  of  the  current 

which  passes  through  the  galvanometer  is  c  amperes,  the  total 

strength,  C,  of  the  current  will  be 

-          G  4-  t         , 
C  ^  e amperes, 

and  if  the  constant  of  the  galvanometer  was  k,  the  constant,  k^, 
of  the  shunted  galvanometer  will  be 

8. 

The  multiplying  power  of  any  shunt  is  equal  to 

To  prepare  a  shunt  having  a  definite  multiplying  power  n, 
its  resistance  must  be 

The  resistance  of  a  shunted  galvanometer  is 

To  increase  the  range  of  measurement  of  a  voltmeter  an  extra 
resistance  may  be  added  to  it;  that  is  to  say,  connected  in  the 
circuit  with  it.  If  the  resistance  added  is  equal  to  the  resistance 
of  the  voltmeter,  the  constant  of  the  latter  will  be  doubled.  If 
the  constant  of  the  voltmeter  is  equal  tf>  k,  the  addition  of  r^ 
ohms  will  increase  the  constant  to 


where  r  is  the  resistance  of  the  voltmeter  and  k^  its  new  con- 
stant 


\l 


INDEX. 


ABDAHK'B  are  Ump,  414. 
Ahenock'i  arc  lamp,  859 ;  dlflereoUal 
regulator,   388 ;    dynamo    electric  ma- 
cUoefl,  087,  B76. 

Andrawfl'  arc  lamp,  41S. 

Archarmn'H  are  lamp,  S4S. 

Altematlnscarrent  machine,  Alt«ieck%  B76; 
Lontin*a,  SSI ;  Gramme'd.  588. 

Arago  radial  dUk  machine,  096. 

Apparatoa  for  meaanrlng  powerfol  cnrrenti, 
785. 

Ammeter,  Z)a)rez,  794. 

AjTton  and  lorry's  commutator,  796 ;  Sliring, 
800  ;  wheel  and  pinion,  801. 

Ayrtnn  and  Perry^a  commutator  ammeter, 
796  ;  commutator  Toltmrter,  798 ;  spring 
ammeter  and  voltmeter,  800 :  wheel  and 
pinion,  801  ;  ohmmeter,  808 :  electric 
power  metor,  806 ;  cyllDder  eprlng  elec- 
trometer, 82S. 

Armature,  Siemens,  21,  541,  MS  :  cyllndiical, 
5(3 :  Bmflb,  99,  47, 588  :  Wallace- Former, 
90  ;  Gramme,  46,  86,  5M.  683  ;  De  M£rl- 
tena', 99,  578  ;  Edbon'a,  131,  143;  mdlal 
146  ;  PIxU'a,  531;  Saxton's,  5S2;  ClarkeV, 
585 ;  Wheatfltonc'e.  538  ;  Stohrer'a,  bS9 ; 
HJorth'a,  543 ;  Holmcfl'.  544  ;  Paclnotti'B, 
548 ;  ring,  548.  M6 ;  Wood's,  664 ;  Al- 
t«neck'8,  567,  577 ;  drum,  567  ;  B»«men- 
tal  ring,  673 ;  colled  wire,  6*7,  579 ; 
Lontln'B,  580 ;  Nlaadet's,  586 ;  polar, 
586:  Arago  radial  dUk,  596;  JUrgen- 
■en'i  ring,  506  :  Bargin's  rii»,  601  ;  Ca- 
bella,  658 ;  De  Romtlly'a,  679. 

Accumulator,  electric,  761. 

Ball's  nnlpolar  machine,  599. 
Baro'a  arc  lamp,  418. 

Barlow'a  electro  dynamic  motor,  680. 

Berjot'a  arc  mmp,  417. 

Bematein'a  incandescent  lamp,  278 :  genera- 
tor, 274  ;  meter,  276. 

Bontoillonz'a  arc  lamp,  418. 

Bourbouxe'B  electro  dynamic  motor,  700. 

Biuah'a  arc  lamp,  1U,  51.  400 ;  oarbona,  81  : 
machine,  47,  SS8 ;  aabomatic  r^nlator, 
408. 

Brockte'fl  arc  lamp,  444. 

BnrglQ'B  arc  lamp,  351  :  ring  armature  ma> 
chine,  601 ;  electro  djniamic  motor,  705. 

CALiBBATioN  of  apparatQi,  SSS. 
Cabella  armature,  658 
Carbons,  comparison  of  different.  41, 
Carr^'a  carbons,  85  ;  arc  lamp,  861. 
Cardew's  galvanometer,  812. 
Cobrian*s  arc  lamp,  416. 
Chertemp's  and  Danden'a  macblue,  655. 
Glare's  arc  lamp,  87S. 
Colbnm'a  arc  lamp,  375 ;  machine,  dSO. 
Cott  ol  electric  Ughtliig,  129. 


Crompton's  arc  lamp,  41S. 

ContlDUoas  cnrreni  machine,  Lonlin'e,  680, 

586  :  Bmsb,6Ba 
Commutators,  Gramme.  fiS6 ;  Brash,  46. 
Chemical  wtn-k  by  currents.  781. 

DATKNPOBT's  electro  dynamic  motor,  S94. 
Dal  Negro's  electro  dynamle  motor, 
689. 

Davj's  experiments,  8. 

De  MMleoM'  dynamo  electric  machine,  99 ; 
candle,  516. 

De  Kersanne's  arc  lamp,  848. 

De  Romilly's  dynamo  electric  machine,  679. 

De  Puydt'a  arc  lamp,  896. 

Delafleld's  dynamo  electric  machine,  621. 

Dnmfleld's  arc  lamp,  876. 

Douglas'  experiments,  S>8. 

Duboscq's  lamp,  7. 

Drum  armatnre  dynamo  electric  machines,  667 

Deprez's  electro  dynamic  motor,  707  ;  anhw. 
tcr,  794  ;  power  hammer,  708. 

DeHvBd  anita,  7tB ;  mechanical,  J65  ;  electro 
magnetic,  "68. 

Dynamometer,  electro,  816 ;  Siemens',  817. 

Dynamo  electric  generatott,  618 ;  Alteneck's, 
567,  576:  Arago,  696;  Brush's  28,  47, 
588 ;  Ball's,  5W :  Burgio'a,  001 ;  Cher- 
tanpa',  655 ;  Ciarfce's,  534;  Colbum's,  600; 
Dandea's,  655;  De  M^riteus',  578;  De 
Romilly's,  879:  Delafleld's,  021;  Kdi- 
son's,  13),  145;  Faraday's,  529;  Perrantl's, 
606 ;  Ferraris',  632 ;  Gramme's,  24,  44, 
86,  566,  088 ;  Qulcher'a,  606 ;  Gerard's. 
612;  HJorth'a,  548;  Holcomb's,  610; 
Holmes',  545 ;   Hochhauscn's,  634 ;  Jfir- 

gnsen's,  HM ;  Jabiochkoff's,  602 ;  Liim- 
j'B,  654;  Ladd's,  SS,  556;  Lontin's, 
580,  661 ;  Udller's.  681 ;  Nlaadet'H,  586  ; 
PIxtl's.  5S1;  Paciaottrs,  548;  Saxton's, 
531  ;  Stohrcr's,  586,  589  ;  Siemens',  21, 
540.513,615;  Schnckert's,  594 ;  SchwCTd 
and8chamweber'8.683;  Thomson's,  617; 
Wheatstone's,  588, 554 ;  Wilde's.  21,560; 
Wood's,  069 ;  Wallace's.  49 :  Weatou's, 
666 ;  Zipcmowskl'B,  628. 

ELECTRIC  ixTK.  lomp,  AhdsTLk'ft,  414 ;  kha- 
O'-ck'a.  353,  388:  Amln  wh",  413;  A^ 
chenaii'a.  *)S:  BaroB,  4)3 1  Bcrjofs, 
117;  HoiilGilJoux's,  4IH'.  Brush's,  m,  ni, 
*»;  Bnjrkjr'*,  444:  Brush  firtift,  Jfl^ : 
Bur)Tin'«,  ail  i  CiuTii's,  4T«  ;  Ck-rc'fl,  378 ; 
ColiiLiirn'^i  HTfl ;  Cniiifptou'ri,  418:  C* 
IfHan'a,  410;  Di-  Mfrilons'.  516;  ^ 
MifHauita'!'.  31B;  De  Piivdl's,  !JM  ;  Dorn- 
i^tiM'e,  3TU  ;  Dnb>«LE]'»'.  t :  EiliMJc's,  iM ; 
FnrmtT'a,  13:  FoiiCJiall  P.  10:  Fairi-r, 
4111;  f'yrfl'B.  41E;  Oftiffo",sSW;  ft-rard's, 
sue;  Glr'iiinFd''H,  4Jr;  OirajiiraeH.  Sffij ; 
Gukhfr'B,  4fil ;    Hurt's.  13;   Qanioou'^, 


666 


I3«DEX. 


4lS:  Bodse'*.  &16:  HochhaiUK^n'*,  4U ; 
Bouaftn'B,  I(i3;  Miib^v'h.  41S:  Jiuikt'*. 
$ia  ;  JiiblM'l.kafT'B.  1^  91  .  JnniinV,  M8  ; 
JargvnMu'p.  413  :  King's,  ItfS ;  Kriiclk'v, 
»t:  t.Uiii>l:S'4l«;  LAiii|w-Sn(eII.  978  ; 
lAiDiE'a,  413;  lA-vor.  414:  ItKhthOLi^c, 
French,  4tb;  LiMiCinV.  390 ;  Maxtm'r, 
T7;  ati.-Ciirlvit.517  ;  MukntP,  41fi  ;  Mmi- 
ilo«\  Ml  ;  MiilUrV,  *ir;  I'li  tt.■■^,  «l  ; 
HlMti'K.  8IH;  l(U)i>t-a>.  113.  WW:  Krv- 
iii*T*«,a4A;  Utoi>iira't>,S73:  Scbucken'a, 
SU:  SMlJKCjmlc'a,  aes:  Herrln'i..  .W: 
Si^hmidt'R,  sn ;  9ollRiMf*«,  St? ;  flli>- 
IIUMW*,  300 ;  SDldl.  178 ;  SotuzwV  Mt ; 
riandard  nrc  lamii  for  l-'iviich  llsht- 
hiWMw.  418:  •no,  .tTK;  Trtilki>)ta'»,S»l ; 
TfiiMikMin'it,  loa,  *i6;  VailevV.  -WS ; 
WollureV,  IB.  no  ;  W«.tuirc.  471  :  Wi-T- 
df^muiiiii**,  SJb;  Wt^tlcX  ■UK;  Wik-ulUl, 
ae.^;  Woo(l'ii,4U;  Wriulit'm  41'J. 

KltvtrU:  Ht.'ttt  m(«MircineoU  MRS. 

Eiiimm's  UKno(tc*>c<iiitt.'lecU1c  U|ihC.  110,  ISO  ; 
grrtiTaiur,  131  :  nidlBl  bur  uxA  dUlt  tna- 
clltn<:.  14A  :  t^uudu (!<■».  U9  :  Mifclycstch. 
IH):  dfcuic  mct«r.  lyi;  flxiaren.  iso ; 
c&rbon  tamp.  181 ;  catrect  R)pd*tor.  184; 
doriMlity  of  ln^bdetioent  lunp,  191 ;  Bd- 
vDDtaittM  of  Inmiid'.'scMt  vltfctHe  lisht, 
IM;  elpcTrIc  liijtitlni;  pi-»itr»l  f ution  ajp- 
beai.  IH;  KuUimatK-  r«;;ulni(ir.  'i\^  ;  coMt 
(if  InBUllatKiu,  ££t ,  lift  of  ]\x.h\a  In  dm. 
3ei7;  village  lijcbtvd.  !AM :  <-ftlcii-nrv  Aod 
oont,  gaOj  awnnl«  bj  InirmAtlonnj  cod* 
ipna,   X« ;    ait;    luiu|i.   iii* ,    rhcoiUt, 

Elwlrlcal  tranunlifitm  of  i>owt».  fi8t). 
ElecUl(«]  r«F>tot«Dco  of  dynuao  civctnc  tna- 
ChiCHifl.  Bl. 

Electrical  iti«afflirrnicqt  TItS. 

Klactriul  npiMiiiuD  at  Puis,  rtpoit  ov  lo- 

caodMcmt  Uiobs,  38i. 
Blwtia  dyoamte  iDuoctkm.  Wt.  ■ 

ElUe'  ^oeuo  ijvMiofc  motor,  709. 
ElLTiHc  nllnrura ;  SlonKrni''.  717;  B<-rlia.  718: 

Lichlerfeld)^  71(i ;  Fnri«.  Ti) ;  l\.rtrm'h. 

Tit>;  worked  hy  BcmiiiiulalorN.  Tut.  '41  ; 

clevktpil.  Tan;  fn  tunnel*.  790;  KdtMD'a 

73S;  Fidd-e,  73:!;    fur  tnDti|>orVllB  dv- 

•ptttchc».  T't'i. 
Zlactrlcal  work,  777. 
Blectrtettr,  plooghtng  hy.  748, 
BhKtrlcalatonun  of  puwcr,  TSl. 
Electric  BcrnimilatorB.  Grovf.  TM  ;  SlmnenK'. 

7M  :  PUniHJ.  TXa  ;   Faiirc.  7H  ;  Kabntb, 

7» ;  CiTistcf,  :w ;  rtun>1>llllT  of,  "fti, 
EtKtro  djmunic  nioton.  088 :  BarlowV  fl89: 

BoQrboiutc'*.   TOO;    Dureln'a,    ?0(l:   Dnl 

Nora's.   689:    I>>mipaTt%   DM ;     !>(■• 

Svt-».  707  :  Ellu*.  VIB  ;  Frcrmeat'a.  080 : 
ruQDi«*a,  701 ;  UriHCDm'i!,  708. 
Blcctru  motive  tottx.  Btandurd  of.  TTS. 
Ele<^tni  niatniptlc  ByBtcm  of  dtalts.  770. 
]SI«ctn>  rtalic  ejeUta  of  unite,  777. 
Rlertni  AjnamammUir.  KIS. 
Blt:ctronteter.  Ajrrtua  and  Ferry's  cylinder 

kprlnr,  B2L 
EsncrlmenUnic  wftlt  dMtric  Ufihl  la  vucuo.  6. 
Bsua  cnrrent,  523. 

FAHADAT't    dynamn    plertric    macbino, 
fiHB;  discovery  of  dectro  dyoaiiUc  1&- 
ilurtloD.  OIU 
Fanner'*  liup,  18  ;  uucliiDc,  U,  49  ;  exparl- 
nwou.  l». 


FemuiU'i  fiJieroattDS  mnvoc  machine,  6Q8l 
Fi-nula'  unipolar  machine,  Bl. 
Fi>ijcaalt*a  lamp,  10. 
Fuller  Cotnpaojr  arc  lamp,  Utt ;  marliie  pro- 

ji'clor,44*, 
Fyr«'i  arc  lamp.  4UL 
Froiiintt'adtKtro  dynamic  moUir,  OOO. 
Futidainmtal  uuiU,  7M. 

GatrixriN^  carboiu.  ST. 
Galflu't  nrr  Uniji.  9K. 

Uaianl'H  arr  lamp.  Xe  ;  altamaliny  current 
nuu-.tiitii-,  012 

(lirouard'a  arc  lamp,  417. 

Qrarnme'*  dynamo  elMiHe  mftchlikc  SI,  44, 
84,  3M:  arc  lamp,  SBB;  «:lt.>cin>  dytaonlc 
niotor,  701 ;  rtng  ammtiire,  4K. 

Orioouii'H  eleclni  ilyiminlc  liioti'^  7DI. 

Qulcber'a  arc  Irnnji,  4SI ;  d>'naRio  rivctrie 
machloi:,  000. 

GaJvanometer.  tan«int,  788;  Obaeh,  T90; 
TUomnon't  mdcd  curreut,  800;  TVxin- 
(lon'f  pr>remTjnl.  xll;  Catdf-w'!.  for  mi*a»- 
Id^'  lance  ciirreatii  and  very  low  reaUt- 
met),  vvi  :  Sieni>>nB'  patennol.  8D. 

HAKT's  lamp.  !», 
HiuriMHi't  arc  lamp,  41S. 
llnlcp'i  ore  lump.  AlO. 
Hutblianauo'ii  arc  lamp.  455;    iDcandeecent 

lamp,  4rtB:   aotomaUc    »atwtilutc,  470; 

routinaooa  cunuit  macblne,  SSi. 
lIonatafi'B  arc  lantp^  IC8. 
HoJcomb  alUmatlog  cartosl  macblne,  nia 
llonacy'fl  drc  lamp,  41X. 
UoptiiuiMiD'hcumiul  meter,  8O0. 

ISCAKDiacxvT  rlecuie  inrnp* ;  Bcmateln'a, 
«T8:  Bdl*on'»,  I»;  Laat^FoxX  «78 ; 
Xllllv'a.  VS ;  Maxim'B.  SSS ;  Brrnier**. 
no,  114;  Swan's,  as. 

TActjrcuK'*  corbnas,  84. 
Jaaprr'a  lamp.  Hi. 
JuMiwtikorrn  candle,   IS,  91 ;  ephertcal  ma> 

f  Ltue,  eat. 
Jaroln's  candli-,  44H. 

Jtlrseuaen'n  arc  lamp,  419 :  ring  annabire 
machtnn.  590. 


K 


txo'a  Incaodaeeeot  lamp,  128. 
Krialk'»,  8M. 


LAUD'S  machine,  9)1,  Ufi. 
UiDo>rux*a   luouiilqrenl   lamp,    tn ', 
currwnt  rcipilator.  980 ;  report  on.  981. 
Lamolt'e  arc  lamp,  419. 
Lampe^K-H.  ST& 
Lainji'd  arc  laml^  411 
Lerir'a  arc  Uunp.  414. 
LlfhthauM!  Um|>,  418- 
Lonlln'»  arc  lamp,  KB. 
Lumlcy'fl  machine,  OM. 

MAOKKTo  electric  Indoctlon,  535. 
UoKTii-M  fkttnc  moctiiuo-.  MS. 
Maxlm'H  nmi-lilnc.  77.  lir* ;  Uunp*.  •;,  933. 
McCarty'"  t^f^  \aiu\i.  517. 
MatfnMo  tc^iliiK  boUii.  8SS. 
MraiTa'a  an;  louip.  410- 
Miindoa'  lamp,  391. 
Sinilcr'a  art-  lamp.  MT ;  Incoatltacrat  tomn, 

4M  1  multiple  drvull  uuchluc.  081. 
Hechanlcul  equlvnlenta  of  ciim-nta,  709. 
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MeiBurement  of  current  strength  and  electro 
motive  force.  834 :  by  coDoensed  method, 
8M. 

O BAOBAB  ealvgnometer,  790. 
Ohm.  7H  776. 
Ohmmeter,  808. 
Open  frame  rheoetst,  SU. 

PHOTomrrBio  meaAnremente,  55. 
PletUi'H  Ifunp,  SS4. 
Pilsen  lamp,  SM. 

PlxU'B  dynamo  electric  generator,  681. 
HlooBhing  by  electricity,  748. 
Practical  mechanical  anits,  760. 

EAPiBFF'*  arc  lamp,  118, 858 
Kcynler'B  incandescent  lamp,  lOS,  81S ; 
arc  lamp.  815. 
B^gnard's  arc  lamp,  878.  ' 
Rayleigh'B  ezperimentB,  788. 
BhooBtata,  m ;   multiple  open  frame,  Bdi- 
son'B  field  and  Weeton'a  field,  8SC;  labo- 
latory,  8X7  ;  ribbon,  888. 

SAZTOK*B  dynamS  electric  machine,  581. 
Bawyer'B  incandescent  lamp,  110,  114. 

Sbnckert'B  arc  lamp,  845. 

Sedlacxek'a  arc  lamp,  368. 

Serrln'a  arc  lamp.  869. 

Schwerd  and  t^cltamwebcr's  i;onBtaat  current 
generator,  688. 

Schmidt's  arc  lamp,  871. 

Schnckcrt'B  constant  current  machine,  664. 

6olignac*B  lamp,  317. 

Slemena'  annalnre.  SI,  545 ;  arc  lampe,  856 ; 
external  armature  machine,  615;  electro 
dynamomeler,  817 ;  potential  galvanome- 
ter, 820. 

Boleil  lamp,  878. 

Somzcc'8  arc  lamp,  886. 

Standard  lamps  for  French  lighthoni^ee,  418. 

Sun  lamp,  878. 

Subdivision  of  the  electric  current,  135. 


Siran^s  Incandescent  lamp,  859. 
Storage  of  electric  energy,  751. 

rilCBiKOLKpr's  arc  lamp,  891. 

JL  ThoniBon^fl  arc  lamp.  108,  866 ;  ■pheri- 
cal  machine,  617 ;  graded  corront  galva- 
nometer, 809;    potential  .galvanometer, 

Tnuwmlasion  of  force,  714. 
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'hits  of  measnrement,  788. 


'Aiti,XT'B  arc  lamp.  44S. 
Voltmeter,  798,  800. 

WXBTOM'a  carbons,  339;  safety  derlcea, 
£48 :  bracket,  344 ;  arc  lamps,  471 ; 
regulating  magnet,  475;  cut  out^  487: 
focusing  lamp,  500 :  report  of  Jurors  at 
Puis  exposition,  fiOS;  system  nsed  on 
Brooklyn  bridge,  508 ;  Indicator  for  cen- 
tral stations,  510;  automatic  regulator, 
BIS;  dynamo  electric  machine,  666; 
early  experiments.  657 ;  electro  plating 
machine,  658;  awards  at  Paris  exhibition, 
660;  electro  motor,  660;  sectional  disk 
unutnre,  600;  spiral  commutator,  668; 
adjustable  brashes,  668;  ahant  wound 
jteoerator.  664 ;  stuidard  machine,  667 ; 
field  rheostat,  885;  laboratory  rheostat, 
8S7  ;  ribbon  rheostat,  8S8 ;  field  explorer, 
881. 

Wallace- Former  machine,  49;  lamp,  16, 116. 

Werdenoann's  lamp,  806. 

Wilde'H  machine,  21.  550 ;  candle,  446. 

Wlkulill'e  arc  lamp,  868. 

Wood's  arc  lamp,  4H  :  marine  projector,  448; 
automatic  current  regulator.  64& 

Work,  electrical,  777 ;  chemical,  by  currents, 
781. 

Wright's  arc  lamp,  418. 

nPipnBHOWHKi'a  machine,  681. 


